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Schistosomiasis is caused by Schistosoma, a parasite that infects our blood 
c 
i. 
Stream. In China, schistosomiasis is caused by Schistosoma japonicum. It remains a 
I 
y 
major health problem in southern China. i 
The life cycle of S. japonicum is very complex. There are two free-swimming 
1 
larval stages and it requires the infection of two different hosts to complete its life ' 
/ 
I 
cycle. Cercaria is the only infectious larval stage to its definite host- human and other ( 
1 
mammals. When the cercaria penetrates the host's skin, the schistosome infection is ‘ 
k 
initiated. This is accompanied by the transformation of cercaria into schistosomulum. ； 
I 
This process involves profound structural, biochemical and physiological changes j 
( 
which are vital for the schistosome survival in the mammalian host. | 
/ 
t »• 
The differential expression of genes in the cercaria can be accounted for these '； 
V 
( 
important events. Thus, the product encoded by the differentially expressed genes-
the cercarial stage-specific antigens is a good starting point for the study of J 
schistosome. Through the identification and characterization of cercarial i 
j 
stage-specific antigens, we can have better understanding in the developmental 
biology of cercaria and also the immunology involved in the host-parasite I 
) 
relationship. This can further lead to the discovery of new vaccine and / 
f 
1 





Our research team has constructed a S. japonicum cercariae cDNA library The j 
、 







of the parasite. Some clones were found to have a higher expression level in cercarial | 
• 
Stage than adult stage. These clones were identified as cercarial stage specific clones. j 
After sequencing the clones，two of the clones，20H8 and sjCa8，were found to be ] 
most abundant in the library. They were selected for further study in this project. 
I i 
I. 
The full-length of 20H8 and sjCaS cDNAs were cloned and sequenced. The 
t 
differential expression of their mRNA transcripts was confirmed by RNA dc cblot. 
1 
They were also expressed using the bacterial system to obtain recombinant protein. I 
Their antigenicity and immunogenicity were demonstrated. The calcium binding j 
ability of sjCaS protein was demonstrated. Finally, 20H8 and sjCaS antigens were [ 
located in the cercaria by immunofluoresence technique. It is hoped that the 
characterization of cercarial stage specific antigens, 20H8 and sjCaS, may give new ’ 







































































透過克隆及定序，獲取了 20H8和sjCa8的完整cDNA片段，並以RNA斑 | 
i 












































































Abbreviations used in the thesis without definition include: 
i 
cDNA Complementary DNA ： 
{ 
DNA Deoxyribonucleic acid ’ 
I 
dNTPs Deoxyribonucleotide triphosphates (dATP, dTTP, dGTP, dCTP) ’ 
I 
kb Kilo-base pairs ! 
kDa Kilo-dalton 
I 
mRNA Messenger RNA • 
O.D. Optical density , 
里 
PGR Polymerase Chain Reaction ！ 
.1 
RNA Ribonucleic acid ！ 
i 
RT-PCR Reverse transcription polymerase chain reaction ； 
TRITC Tetramethylrhodamine isothiocyanate ！ 
( 
UV Ultraviolet 
v/v volume by volume ‘ 
) 
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, ；' .•’ 
T 
Schistosomiasis, also known as bilharziasis, is a parasitic disease that leads to • 
. i 











It is endemic in 74 developing countries, infecting more than 200 million people i 
i 
in rural agricultural and peri-urban areas (WHO, World Health Organization, 1996). ！ 
t 
In terms of socio-economic and public health importance, schistosomiasis is second ) 
； i 
only to malaria. It is a disease of low mortality rate but high morbidity rate. Inlocted ( 
1 ；! 
people are symptomatic and suffer from severe consequences of the infection. In ^ 
i I'l 
2001, it caused 1.8 million DALYs (Disability adjusted life years, i.e. the number of ； 
I j 
healthy years of life lost due to premature death and disability) and 15,000 deaths j ••‘ 
(WHO, 2002) globally. An estimated 500-600 million of people worldwide are at risk ( 
from the disease. 丨 
i 
i 




In terms of public health, there are five species of schistosomes which are the 
I 
most important: S. haematobium, S. japonicum, S. mansoni, S. intercalatum and S. j 
i 
！ 











common and widespread species in Africa and the Middle East. S. japonicum is only ^ 
1 
found in the Pacific region including China and the Philippines. S. mansoni occurs in ！ 
1 ； 
•； i 
Africa and is the only species seen in Latin America. S. intercalatum is reported in 10 
I ； 
countries in the Africa rainforest belt. S. mekongi is restricted to in limited areas of i 
•“ ！ 
Laos and Cambodia (Engels et al” 2002). ‘ | 
• 1 
！ ! i ‘ 
i i 
j 
The schistosomes can be distinguished by the specific snails they use in their | 
. i ( 丨 
transmission routes. S. haematobium and S. intercalatum are mainly transmitted by ‘ i 
I ‘ 
Bulinus snails, S. mansoni by Biomphalarm, S. mekongi by Neotricula and S. • 
1 ； » 
japonicum by amphibious Oncomelania snails. j 
f 
i 
. i i 
In addition, the schistosomes can be distinguished by the different pathologies 
I •！ 
• 
they induce and divided into intestinal schistosomes (5. intercalatum, S. mansoni, S. ！ | 
； f :丨 t 
japonicum and S. mekongi) and urinary schistosomes (just S. haematobium) (Cross, i '( 
i 
1976; Guyatt et al., 1994; Urbani et al., 2002; Croft et al., 2003; Odaibo et al., 2004). j 
1 
f丨:! 




People infected with schistosomiasis expel eggs in their faeces or urine. On | 
> 
I 
contact with water, the eggs hatch and release larvae called miracidia. Miracidia ) 
1 
i t 
infect the snail host and develop into another larval form called cercariae. Thousands , f 
I 
of cercariae are released from the snail host. When in contact with the contaminated j 
water, cercariae penetrate human's skin and enter the bloodstream. People are � 
infected. Eventually, the parasites reside, mature and lay eggs in the blood vessels in ) 
I 









1.1.4 Pathology of the disease , 
i 
i ‘ 
The severity of the disease depends on two factors: the schistosome species (the j 
Asian species, S. mekongi and S. japonicum, cause a much more severe and rapid \ 
i 
pathology) and the intensity of the infection (the more worms a person harbors, the 
1' • 
more severe the disease). \ 
J ‘ 
i i 
Each egg has a small spine which tears the tissues it contacts, creating a lesion. . 
The eggs can also become embedded in the tissues. When this happens, the body ” 
t 
tries to repair the damage and leads to formation of a granuloma, a chronic ！ ( 
I 
inflammatory lesion. Over time, these lesions can increase to the point where the ！ 
！ i 
functioning the organ is severely impaired. In urinary schistosomiasis, the bladder J ； 
can calcify and become cancerous. In severe intestinal schistosomiasis, the parasite \ i 
；丨：丨 




the body's normal blood circulation and causes hypertension of abdominal vessels ‘ P 
i II 





1.1.5 Control and therapy j 
I 
The disease causes irreversible damage to the host's body. Once the disease has ； 
I 
j 
developed to the granuloma stage, it is only possible to kill the living parasite in the j 
I 
body, but the damage already done to the body can never be repaired (Gryseels, 1992; ！ 
t 
Bundy and Peto，2000; Richter, 2003). ；: 
I \ 
( 
Regular treatment can stop the infection to develop into serious disease by j 
I 











by a person is low, the disease has no chance to develop. i 
} 
One of the drugs for curing schistosomiasis is praziquantel (Fenwick et al.， ’ 
1 
2003). Despite the now lower cost of the drug, it can be difficult to achieve and j 
sustain large-scale population-based chemotherapy programmes. Also, there is a 
) 
i 
potential threat of emergence of drug-resistance strains of schistosomes. ^ 
f 
It has to be emphasized that chemotherapy is not a preventive measure 
i 
(Utzinger et al., 2003; Brooker et al., 2004). Reinfection is still a problem in high ； 
！ 
transmission area. The disease can be controlled by eradication of snail host which ‘ • 
^ I f 
i 5 
includes environment modification and molluscicidal program. However, this is not 
\ ‘ 
possible for some areas where experience frequent flooding, or due to other j 
i 
geographical factors (Brooker et al” 2002). j 
I :'i 
； ? 
Despite health education, improved access to safe water and sanitation, there | (i 
；丨：丨 
would be considerable advantages to have a vaccine against schistosomiasis for > f� 
！ (i 








：： ！ ： 
1 ！ 























1.2 Schistosomiasis in China ‘ 
i 
I 
The causative agent of schistosomiasis in China is S. japonicum. \ 
i ‘ 
Schistosomiasis has a very long history in China that can be dated back 2,100 years 
•i 
f 
ago. S. japonicum eggs were found in a female corpse of the Western Han dynasty ； 
[ 
that was exhumed in 1971 in Hunan province (Mao and Shao, 1982). \ 
i 
Schistosomiasis remains a major public health problem in China today. The ‘ 
I i 
I 
major endemic foci are the marsh and lake regions of southern China, which covers a ^ i 
； I 
vast area of five provinces: Jiangsu，Anhui, Hubei，Jiangxi and Hunan (Ross et al.， 1 丨| 
； I 
2001). Cases within these area account for 86% of the total number of infected , ijj 
I 丨厂i 
1 ；:! 
people in China (Yuan, 1992). The prevalence of the disease in China is indicated by ‘ i: 
1 ！ 
an estimated number of chronic cases of around 800,000 and identification of , 
31,321.5 hectare of snail infested areas in recent 5 years (Li and Cai, 2004; Zhou et I :� 
I '1' 
V I 





Despite the enormous collective effort to control schistosomiasis, recently the i 
i V 
I. / 
disease tends to recur in rural area and poses new threat in urban area along Yangtze j 
I 
River. In 2004，there presented an increase in the rates of human infection, bovine ‘ 
i 
} 
infection and Oncomelania snails infection. A total of 38 counties from 7 provinces ； 
have re-emerged in schistosomiasis transmission. In urban areas along the Yangtze ！ 
1 
( 















‘ ， • t 
I 
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1.3.1 Life cycle of S. japonicum \ i } 
I 
The life cycle of S. japonicum is complex. It requires infection of two different \ 
hosts to complete its life cycle, and there are two free-swimming larval forms (Ross , 
i 




The disease is transmitted through fresh water containing free-swimming larval ‘: 
i 
1 i 
forms of parasite called cercariae. Cercariae penetrate the skin of humans or other ‘ 
i i I ：• 
mammals, which can act as reservoirs for human transmission. There are at least 46 , |.： 
. j ：： 
vertebrate hosts have been identified for S. japonicum (He et al., 2001). Cercariae � i 
1 I： 
then leave the skin via blood vessels and draining lymphatics as schistosomulae and j •；丨 i ^ 1 ？1 
. ^ i 
reach the lungs. After several days, male and female worms leave the lungs and j J； 
、丨I 
M 
arrive at the hepatic portal system. They mature，pair up and migrate downstream. i ；•： I ;.! ’i 
i 'I 
I '' 
) .• ’ I 
i 
The pairs of worms reach mucosal branches of the inferior mesenteric and | 
superior hemorrhoidal veins. The female worms start laying eggs. About half of the J ； 
I i 
eggs pass through the intestine and are discharged in the faeces. The remaining eggs 
1 
’ i 





When faeces of infected people contaminate freshwater, the eggs hatch and 丨 ！ 
,' ！ 
I i 
release free-swimming miracidia. Miracidia infect freshwater snails Oncome^ania ‘ i 
I [ 
snails. Miracidium forms a sporocyst at the site of penetration. This produces 1 ！ ! 
,, ‘ 
daughter sporocysts and migrate to the snail hepatopancreas and asexually produce ！ i 
！ i 
larval cercariae for daily release into freshwater. Figure 1 presents the entire life : ( 
I r 
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Fig. 1. Life cycle of Schistosoma japonicum. The figure is modified from Ross et al.， 
2001. i 











1.3.2 Biology of S. japonicum cercaria 1 
I 
I I •( r 
Though the mechanism of emission of cercariae from infected snail host is still \ 
unclear, it is found that infected snails emit cercariae into freshwater in a daily 
ir 
( 
rhythm. For China strain S. japonicum cercaria, the maximum emission rate from the 
snail host is in the light period (Theron and Xia, 1986). For Philippines strain, the ‘ 
maximum emission is nocturnal (Kawashima et al.，1985). , 
I 
1 Cercaria is a free-swimming larva. Its body can be divided into 2 regions: body i �• 
\ ” 
i 
and tail regions. The average total length of a cercaria is 320[xm. Average length and J 
/ 
breadth of body region is 140|im and 50pim respectively. The tail region, which is j 
1 i 
, ！ 
bifurcated at the end, is longer than the body region, with the average length of ； 
1 
180|im (Bi et al., 1991). t , 
‘ ！i 
！:: 1 I ‘ I 
In the swimming cercaria, head gland, pre- and post-acetabular glands are well j 
f ‘ 
developed. The muscle cells, especially in tail region, are highly developed and ) ' 
r 
I 
increase the organism's activity (Zhou et al., 1997). The whole cercaria is covered ‘ 
with a single continuous syncytial tegument about 0.5fxm thick on the body and \ ’ 
\ 
0.2fxm thick on the tail. The tegument is covered with a trilaminate plasma � 
• 1 
membrane, and a glycocalyx on the outer surface. It is equipped with spines and i 
sensory papillae. The presence of glycocalyx is: (1) facilitating the initial attachment | 
I 
of the cercaria to the skin of the host; (2) preventing the cercaria itself being digested j 
"i 
by its acetabular gland secretion during penetration; (3) facilitating the cercaria to � 




Cercaria is the non-feeding stage of the life cycle. Glycogen reserved in body j 
i 
9 / 







and tail is the energy source of cercaria movement. Glycogen reserved in tail j 
i 
provides the energy for swimming and that reserved in body support the skin | 
. f 
penetration (Becker, 1971; Lawson and Wilson, 1983). Moreover, cercaria can only > 
i 
survive over the range of 15-35°C. The half-life of survival at 15°C is about 30 hours, | 




When cercaria finds its definite host, it attaches the host's skin. This is ’ 
facilitated by depositing mucin from its post-acetabular gland to provide an adhesive i 
！ 
surface on the skin for the cercaria to initially attach (Salter et al., 2002). It is ！ I 
followed by creeping over the skin to search for a suitable site，often a hair follicle, 丨 
I丨 
for penetration (Haas and Schmitt, 1982). On penetration, the cercaria undergoes j 
I 
transformation to the schistosomulum. j 
f 丨, 
i 






The environments of fresh water and inside host body are very different. In | 
I 
order to survive successfully inside the host's body, cercaria has to transform into i 
( 
schistosomulum. The process involves a number of structural, physiological and ‘ 
i 
I 




The transformation of cercaria to schistosomulum starts when it penetrates into • 
the host's skin, it sheds off its tail (Stirewalt，1974; McLauren，1980). Skin | 
I 
penetration is facilitated pre-dominantly by elastase (Salter et al., 2000), an enzyme j 
which originates from the acetabular glands from the cercaria (Marikovsky et al., i 
1 
1990). There is also loss of other pre- and post-acetabular gland materials (Colley | 
J 
and Wikel, 1974). There are at least 12 major proteins released by the \ 











i 丨 、 
The transformation into schistosomulum is also characterized by lackir.g an • 
intact cercarial glycocalyx and building up a double surface lipid membrane in the ! 
tegument (Hockley and McLaren, 1973; Cousin et al.，1981; Stirewalt et al.，1983). | 
Elastase is thought to contribute to the loss of glycocalyx (Marikovsky et al., 1988). : 
I 




A rudimentary gut also develops in the schistosomulum. I 
( 
I 
. ‘ I 
As the penetration process uses up the limited glycogen reserve in the cercaria j •‘ 
body, the newly transformed schistosomulum has to rely on its host for metabolites. ‘ 
/ 
After 24 hours of transformation, the energy metabolism of schistosomulum is fully I 
I 




The photosensitive manner also changes in schistosomulum. In cercaria, it is , 
( .1 
photo-positive that it swims towards the water surface in aquatic habitat. This plays a 'il 
• \u 
I 
key role for successful host finding and host recognition. However, after it penetrates ‘ ( 
. ( p 
the skin, it has to pass across the basement membrane into the dermis to reach the j 
i 
blood vessels for another developmental stage (He et al” 2002). The schistosomulum I 
1 
. . I 
is now photo-negative in order to find a right orientation to travel deeper in the skin. j 
1 
It is possible that a photoreceptor-like structure undergoes significant modification in ‘ 
i 
this case (Grabe and Haas, 2004). The secretion of head glands by the ！ 
I 
schistosomulum is also responsible for the penetration into dermis (Curweii and I 




After entering capillary venule, schistosomulum travels to lungs by blood flow. i 







Schistosomulum leaves the lungs via the pulmonary vein and passes via the left side ！ 
I 
of the heart to be distributed round the host's body. Finally, schistosomulum reaches ！ 
t 
the hepatic portal system and stays in the liver (Wheater and Wilson, 1979; Miller j 
i 
and Wilson, 1980; Wilson et al” 1986). Schistosomulum develops into adult worm 
； i 
within liver. Mature schistosome loses the migration ability completely and stays at � 
site where it matures for the rest of its life. ！ 
I 
1.3.4 Cercarial stage-specific antigens ( 
I 1 ^ 3 
( 
The transformation of cercaria to schistosomulum is an important process in the j 
parasite's life cycle. It is accompanied by many rapid changes in the cercaria. So, the j 
expression of genes in cercaria should be different from other life stages, resulted in I 
t 
a stage-specific expression of some cercarial antigens (Fung et al” 2002). 1 
、 I f r 
I 
As a result, cercarial stage-specific antigens are interesting to study. Firstly, the I 
•i 
cercaria is the only infectious larval form to its definite host. It has to infect its host 、： 
I. 
to complete its life cycle. Otherwise, it dies within 2 days (Lawson and Wilson, I 
I 
1980). The cercarial stage-specific antigens must play a key role of its infectiousness. | 




Secondly, the study of cercarial stage-specific antigens helps us understand its | 
complex life cycle. The expression of such antigens also has to be tightly regulated to ‘ 
meet the survival requirement. Thus, it is a good starting point to study the \ 
( 
developmental biology of the schistosome. This will further leads to the discovery of 
• I 
vaccine or chemotherapeutic targets, which arrest the schistosome development in | 
I 
cercaria stage. Previous study shows that exposure to UV-attenuated or y-irradiated ； 
i ！ 










cercariae, which fail to develop into schistosomula, does not cause any pathology in | 
the host (Moloney et al., 1985; Cardoso Gde and Coelho，1989). Thus, this may be ； 
another direction for anti-schistosomiasis inventions. ‘ 
i 
« p i 
Thirdly，the cercaria is also the first point of contact between parasite and host. : 
； f 
The study of this stage will also give us a greater understanding of the complex 
interactions, including the mechanisms of immune evasion and manipulation oi host ‘ 
responses. Previously, it was showed that mammals like mice, pigs and buffaloes j 
I 
immunized with attenuated cercariae are resistant to schistosome infection (Shi et al., I 
i I 
1990，1993). It was also shown that antiserum raised against the cercarial releasing ‘ 
proteins is capable of imparting protection against a schistosome challenge infection | 
1 
upon passive transfer to naive mouse (Moloney et al., 1985; Rodrigues et al., 1999; ！ 
1 i 
: I 
Harrop et al” 2000). The feasibility that UV-attenuated or y-irradiated cercariae can j “ 
‘I 
I • ：'! 
be used for vaccine is well supported. However, because it is difficult and i / 
丨 ：: 
impractical to produce quality-controlled, reproducible batches of this vaccine on a | : 
large scale, they are surely not suitable to be widely used in humans or other animals ‘ ‘  
i ：： 
with the associated safety considerations. As a result, much focus is put on the | 
i ^ 
investigation of the cercarial antigens involved in anti-schistosome mechanism, with i ‘ 
I 





































Our research team has constructed a S. japonicum cercariae cDNA library. The 
cercarial cDNA library was screened with cDNA from both cercarial and adult stages \ 
of the parasite. Some clones were found to have a higher expression level in cercarial 
I 
stage than adult stage. These clones were identified as cercarial stage specific clones. 
After sequencing the clones, two of the clones, 20H8 and sjCaS, were found to be ‘ 
1 




The full-length of 20H8 and sjCaS cDNAs were cloned and sequenced. The ] 
r 
differential expression of their mRNA transcript was confirmed by RNA dotblot. ！ 1 
i 
They were also expressed using the bacterial system to obtain recombinant protein. j 
i 
Their antigenicity and immunogenicity were demonstrated. The calcium binding j 
ability of sjCaS protein was demonstrated. Finally, 20H8 and sjCaS antigens were 
located in the cercaria by immunofluoresence technique. It is hoped that the i 
I 
characterization of cercarial stage specific antigens, 20H8 and sjCaS, may give new ( ！ . I , 

































2.1.1 Schistosoma japonicum cercaria cDNA library 
3 
i 
Previously, an S. japonicum cercaria cDNA library was constructed in our 
1 
laboratory. Briefly, total RNA extracted from 500,000 S. japonicum cercariae was ； 
used to synthesize the double-stranded cDNA and cloned into the A TriplEx2 vector ！ 
i 
using SMARTT cDNA construction kit (Clontech, USA). The primary titer of the ！ 
constructed cDNA library was 1.8 x 10^ pfu/ ml and the amplified library is 2.5 x j 
lO^^pfu/ ml. The average size of the inserts was 1.075kb. The recombinant efficiency / 













A number of cercaria-stage specific clones were previously isolated in our j 
1 
laboratory by cDNA microarray by Miss Pandora, M.C. Yip. Briefly, recombiis; nt A | 
TriplEx2 vector was converted to recombinant plasmid pTriplEx2 in E. coli BM25.8. 
i 
The recombinant plasmid DNA was prepared with Wizard® Plus S V Minipreps DNA j 
Purification System (Promega，USA). cDNA inserts in the S. japonicum cDNA j 
library were amplified with PCR from the recombinants plasmid. The cDNAs were ) 
spotted in array and screened with labeled cercaria cDNA probe and adult worm ！ 
) 
cDNA probe respectively. The signal of these hybridizations was analyzed. Clones j 
which had a higher reading for cercaria probe than adult worm probe，for 20 times or \ 
i 







more，were isolated as cercarial stage-specific clones. The name of the cercarial 
j 
stage-specific clones and their ratios of differential expression in cercaria over that in j 
t 
adult worm were summarized in table 1. ！ 、 
1 
[ 
r 1； I 
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j 
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I 1 I I J 
Clone Expression in cercaria/ Clone Expression in cercaria/ Clone Expression in cercaria/ 
name expression in adult worm name expression in adult worm name expression in adult worm 
V 
10C12 122 .2152 7K15 53.103225 5J10 33 .305442 i 
t 
2C8 111.4831 8L23 53 .022438 1L21 32 .507264 
10L8 105.3058 9 N 2 2 52 .134238 9E24 31 .214307 } 
7 D 1 3 98 .072198 2 D 2 3 51 .454332 6K4 31.172291 ‘ 
3P19 94 .805723 9K16 50 .568686 6K10 31 .010087 
L l l 84 .649821 4 0 1 3 49 .271847 7115 30 .563394 ； 
8 D 7 80 .854494 5G9 49 .094819 1 0F20 29.922631 | 
lOJ l l 77 .396898 6K19 48 .451122 3G19 29 .352344 ,： • 
I 
1 0 0 1 9 73 .236589 4E23 48.446545 3B11 29 .157608 ！ 
i 
5J6 72 .660254 2 0 2 1 47 .361054 1N2 28 .675706 ] ‘ 
I 
5 P 1 0 69 .50908 1H9 46 .479187 9H11 28 .628367 1 
I 
I N l 64 .377676 8M15 46 .396847 1 0L7 27 .635724 j ； 
I 
5 A 1 7 62 .357522 1M3 44 .170629 6 0 3 27 .6228 ： 
9 H 1 8 60 .527038 5121 43 .782722 1 0 N 3 27 .587322 j 
3112 59 .488046 4 0 1 5 43 .096778 3N11 25 .604568 J 
1K19 58 .993644 5J7 42.152851 10P2 25 .490593 i 
I 
3 H 3 58 .530582 10J2 40.801635 2H18 24 .701984 i 
1122 57 .321376 9C20 40 .179442 6E18 24 .380957 j 
、 I 
7 B 2 2 56 .34798 10P22 39 .942302 2 0 1 24 .157266 ‘ | 
4 M 6 55 .987409 6J1 37 .846668 2F16 24 .001565 ’ 
8K21 55 .866917 7 M 3 36 .279207 5H15 23 .347528 \ 
1 0 0 1 8 55 .045182 5P7 33 .79026 7 D 1 0 22 .748034 I 





The name of the clones and the ratio of expression in cercaria over adult worm were i 
\ 
• J 
listed. They were arranged in descending order of difference of expression level in j 
I 
I 
cercaria over adult worm based on the fluorescence signals recorded in the cDNA j 
microarray assay. The assay was done by Miss Pandora, M.C. Yip. ； 
I J j 
•I 
17 ‘ 












S. japonicum adult worm and cercaria RNA were prepared in our laboratory > 
I 
previously. Briefly, adult worm or cercaria were homogenized in guandidium ‘ 
thiocyanate solution with 1% ^ -mercaptoethanol. The lysate was centrifuged in I 
cesium chloride gradient to obtain RNA. RNA samples were then purified by euianol 
r 
I 
precipitation. Adult worm RNA of concentration 0.584|Lig/|il and cercaria RNA of 







2.1.4 Snail intermediate host, Oncomelania hupensis ； 
S. japonicum infected Oncomelania hupensis (釘螺)was purchased from the '； ！ 
i !.:. 
Institute of Prevention and Controlling of Schistosomiasis, Hu Nan province, J ； 







2.1.5 Bacterial strains , 
1. Escherichia coli, DH5a t 
























Acetic acid, 99.8% Merck 
Agar (Bacteriological grade) Ajax 863 
Acrylamide Pharmacia 17-1302-02 ； 
t 
Agarose, Seakem LE FMC50004 
Amido black Bio-Rad 161-0402 '： 
I 
Ammonium persulphate Sigma A3678 j 
Ampicillin Sigma A9518 | 
Bis-acrylamide Pharmacia 17-1304-01 I 
5-bromo-4-chIoro-3-indolyl phosphate Boehringer Mannheim 1585002 | 
1 
I 




Bromophenol blue Bio-Rad 161-0404 j 
Calcium chloride, hydrated form Sigma C3881 丨： 
Chloroform Ajax 152 j 
I 
Coomassie brilliant blue R-250 Bio-Rad 161-0400 / 
» 
I 
4,6-diamidino-2- phenylindole (DAPI) Sigma C3881 ) 
( 
Diethyl pyrocarbonate，(DEPC) Sigma D5758 ！ 
i 
Ethidium bromide Sigma E8751 ！ 
！ 
Ethylenediamine-tetraacetic acid (EDTA) Sigma ED2SS i 
f 
Ethanol, absolute Ajax 214 ； 
I 
Formaldehyde Fluka 47629 ； 
} 
Formamide Sigma F7503 ； 
I 















Glycine Sigma G7403 ！ 
j 
Isopropyl-P-D-thiogalactopyranoside (IPTG) Sigma 16758 , 
• 
i 
Kanamycin Sigma K0879 f 
Lauroylsacrosine, sodium salt Sigma L5125 ； I 
Magnesium chloride Sigma M9272 
Maleic acid Sigma M0375 •‘ 
！ 
P-mercaptoethanol Sigma M7154 ； 
1 
Methanol Merck ^ 
4-Nitro blue tetrazolium Boehringer Mannheim 1087479 I .’, 
i >1 
Potassium hydrogenphosphate Merck 843A319304 i 丨: 
i ii ‘ 
Ruthenium red Fluka 84071 j 1 
• i 
Sodium acetate Sigma S8750 ！ 
！ ！ Sodium chloride Sigma S9625 , 
I' \ 
Sodium citrate, trisodium salt Sigma S4641 • 
I i 
J 丨 
Sodium dodecyl sulphate (SDS) Sigma L5750 j 
i: 
di-sodium hydrogen orthophosphate Ajax 621 ’ i 
i 
Tris-Acetate-EDTA (TAB) buffer Sigma T9650 i 
； i' 
Trizma Base Sigma T6791 ！ , 
I 
J 
Tryptone Oxoid L42 j 
Tween 20 Sigma P1379 j 
Yeast extract Oxoid L21 丨 
I 
4 



















ABI Prism™ dRhodamine terminator cycle sequencing Perkin Elmer 403044 ； 
f 
ready reaction kit 
t 
t 
Albumin, bovine, fraction V GibcoBRL 11018-017 ‘ 
Blocking reagent Roche 1096176 :: 
CSPD®, ready to use Roche 1755633 ‘ 
I 
DIG-labeled control DNA Roche 1585738 > 
DIG wash and block set Roche 1585762 ； 
I 
DNA ladder, 1 kb Plus Invitrogen 107787 -018 j 
Freund's complete adjuvant Sigma F5581 I 
I » 
Freund's incomplete adjuvant Siame F5506 | 
{ 
HiDi formamide Perkin Elmer 4311320 1 
His • Bind Purification kit Novagen 702397 ! 
i 
Normal goat serum Zymed 01-6201 i 
PCR-DIG labeling mix Roche 1585550 | 
/ 
Phenol-Chloroform-Isoamyl alcohol (25:24:1) Sigma P2069 I 
I 
Protein assay dye reagent concentrate Bio-Rad 500-0006 J 
Protein molecular weight standards (broad range) Bio-Rad 161-0317 J 
Qiaex II gel extraction kit Qiagen 20021 | 
I 





















ATP Pharmacia 27-1006-01 
dNTP Pharmacia 27-2035-03 J 
oligo (dT)i2-i8 Invitrogen 18418-012 1 
i 
pBluescript II KS(-) Strategene 





2.1.9 Solutions ！ I f 1 
I 
Agarose gel, 1% 1% (w/v) agarose in Ix TAE buffer. ； 
I 
Alkaline phosphatase lOOmM sodium chloride, 5mM MgCb, lOOmM Tris-Cl j 
« 
buffer (pH9.5) 1 
Alkaline phosphatase 0.3|ug/ml nitro blue tetrazolium and 0.15|j.g/ml j 
4 
I 
colour-development 5-bromo-4-chloro-3-indolyl phosphate in alkaline 1 
i 
solution phosphatase buffer j 
I 










Blocking solution for PBS containing 10% normal goat serum and 1% bovine ；, 
! 





















Blocking solution for RNA 5g blocking reagent was dissolved in 50ml maleic acid 丨 
’i 
dotblot buffer I 
I 
• 
Diethylpyrocarbonate 0.1% (v/v) DEPC was dissolved in distilled water, 
(DEPC)- treated water incubated at room temperature for 2 days and then i 
autoclaved. 
— I 
LB agar lOg sodium chloride, lOg tryptone，5g yeast extract and , 
15g bacterograde agar. It was made up to 1 L with ’ 
distilled water and autoclaved. ( 
* \ 
LB broth lOg sodium chloride, lOg tryptone, 5g yeast extract. It 
j 
was made up to 1 L with distilled water and autoclaved. . 
LB broth/ agar with Filter-sterilized ampillicin was added to LB agar/ broth to \ 
i 
ampicillin final concentration of 100|Lig/ml. j 
； 
Maleic acid buffer lOOmM maleic acid, 150mM sodium chloride, pH 7.5 ！ ( 
* 
Phosphate buffered saline 137mM sodium chloride, 2.7mM potassium chloride, j 
I 
I 
(PBS) lOmM di-sodium hydrogen orthophosphate，2mM | 
( 
potassium hydrogen phosphate j 
1 
Pre-hybridization buffer 5x SSC, 50% (v/v) formamide, deionized, 0.1% (w/v) j 
N-lauroylsarcosine, 0.02% (w/v) SDS and 2% (w/v) ！ 
V 
blocking reagent ！ 
RNA dilution buffer for DEPC-treated water, 20x SSC, and formaldehyde were i 
！ 
RNA dotblot mixed in the ratio 5:3:2 just before use. ‘ 
(' 
Ruthenium red binding 60mM potassium chloride, 5mM magnesium chloride, | 
I 
assay lOmM Tris-HCl and 75|ig/ml ruthenium red | 
^ ― — — . ^ ^ ― — — — — — — — ^ ― ^ ^ ^ ‘ 
Ix SDS-PAGE gel 50% methanol, 40% acetic acid, 10% distilled water | 











‘ ‘ —"^^r ‘ ‘ ‘ • - ‘ “ • t 
I 
Ix SDS-PAGE gel 2.5g/L Coomassie blue R-250，45% methanol, 10% , 
Staining solution acetic acid, 45% distilled water ^ 
f 
Ix SDS-PAGE sample 60mM Tris-HCl (pH 6.8)，25% glycerol, 2% SDS，5% 
loading buffer P-mercaptoethanol，0.1% bromophenol blue 
20x SSC 3M sodium chloride, 300mM sodium citrate, pH 7 ； 
0.5x wash solution for 0.5x SSC, 0.1% (w/v) SDS ‘ 
RNAdotblot 
Ix wash solution for RNA Ix SSC, 0.1% (w/v) SDS ‘ 
dotblot ‘ 
j 
‘‘'•“ ‘ “ II ‘ i 





Washing buffer for RNA lOOmM maleic acid, 150mM sodium chloride, 0.3% j 
i 
dotblot (v/v) tween 20，pH 7.5 | 
t 













ECORI Promega R6011 : 
Hindlll Promega R6041 | 
M-MLV reverse transcriptase Gibco BRL 28025-013 | 
.1 
T4 DNA ligase Pharmacia 27-0870-04 j 
I 
Thermoprime Plus DNA polymerase ABgene 0301 i 
( 















2.1.11 Primers | 
> 
i 
Primer Sequence (5，to 3，) 
J 
I 
MF520 AAT TAA CCC TCA CTAAAG GG | 
MF521 TAA TAC GAC TCA CTA TAG GGC GA : 
MF596 CTA GTT ATT GCT CAG CGG 
J 
MF661 CCG CGAAAT TAA TAC GAC TCA CTA ‘ 
MF658 CTC GGG AAG CGC GCC ATT GTG TTG GT | 1 
MF659 ATA CGA CTC ACT ATA GGG CGA ATT GGC C ！ ‘ 
I 
MF942 TTG ACG CAA ACG CTA ACC GAC C ； i 丨 
. i 
MF943 GCC GAT GTG AGT GTG ACC CAT A ’ 
. 
MFIOOO TCC GAG AAG AAT ATA ACG ATA ACC AGT AAT AC j 
I ” ‘― ” -_• 4 
MFlOll CCC AAG CTT CTA GCG CCA CTG TCT GTT TTG CC 丨 j 
MF1039 GGA ATT CAT GCC ATT CCA CAT TGG TGA CAA AA j 
i I 
MF1074 GTA TTT ATT TAT GAG AGT AAC ATT AC ^ ‘ 
) ！ f I. 
MF1075 ATG GTC AAT CGA GCA GAG GCT | 
: [ 
MF1079 AAA GGC AGT GGG CAA AGT CAT C ！ ( i 
MF1080 CTATGC ATATGC GTG ATG AGATC ； 
M F l l l l AAA AAG CTT CGA TGG TCAATC GAG CAG AGG CTG I 







！ 1 ( 




















Alkaline phosphatase conjugated horse anti- Vector AP-2000 
f 
mouse IgG (H+L) ( 




Normal rabbit serum Gift from Dr. X.G. Chen 1 
J 
f 
Serum from rabbit infected with S. japonicum Gift from Dr. X.G Chen j 
/ 
— 1 
Serum from rabbit immunized with Gift from Dr. X.G. Chen \ 
. t 
UV-attenuated S. japonicum cercaria i 
TRITC goat anti-mouse IgG (H+L) conjugate Zymed 81-6514 \ 












！ 1 ( 
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！ i I 
2.2.1 Identification of cercaria stage specific genes ； 
1 
J . 
2.2.1.1 Sequence analysis of cercaria stage specific clones ‘ 
1 
V I 
Plasmid DNA from the cercaria-stage specific clones was sequenced for ESTs in •i t t 
both 5，and 3，directions with MF 658 and MF 659 respectively. 0.25|ig of plasmid ； 
DNA was mixed with 4|il of terminator ready reaction mix, and 1.28|il of 
1 
1.25pmol/|il MF658 or MF659 sequencing primer and made up to final volume lO i^l j 
t 
with sterile dHzO in PGR tube. The template DNA was denatured at 94°C for 2 | 
minutes and then amplified for 25 cycles with a cycle profile: 94°C for 15 seconds, 
I 
50°C for 30 seconds and 60�C for 4 minutes. I 
f 
I I 
The PGR product was purified by ethanol precipitation. The sequencing product j 
( 
was transferred into a 1.5 ml eppendorf tube. l|il of 3M sodium acetate (pH4.6) and ； 
I » 
1 
25\i\ of 100% ethanol were added into the tube. The content was mixed by vortexing, j 
placed on ice for 15 minutes and then centrifuged at 14，000xg for 30 minutes at 4°C. ! 
After discarding the supernatant, the pellet was rinsed with \25[d of 75% ethanol and | 
1 
centrifuged at 14,000xg for 15 minutes at 4°C. The supernatant was carefully 
I 
removed as much as possible and the pellet was dried under vacuum. The dried pellet j 
1 4 
was then resuspended in 12|LI1 of Hi-Di formamide and heated at 95°C for 5 minutes. j 
� I 
The sample was immediately chilled on ice and transferred to MicroAmp Optical ： 
f 
‘ 96-well Reaction Plate, covering by MicroAmp® Strip Caps (Applied Biosystems). 1 
The sample was loaded on ABI PRISM™ 3100 Genetic Analyzer for reading the | 
nucleotide sequence. The sample was injected at 2.4kV for 30 seconds, and [ 
27 ！ 





electrophoresis was run at 12.2kV at 42°C for 140 minutes. Raw data of the j 
I 
sequencing reaction were collected by ABI PRISM™ 3100 Genetic Analyzer ! 
！ 





After editing, the ESTs were sent to the National Center for Biotechnology | 
Information (NCBI) for identity searching with tBLASTx program. The ESTs were | 
1 
also sent to Washington University BLAST archives (WU-BLAST) i 
(http://www.ebi.ac.uk/blast2/nucleotide.html) for identity searching with tBLASTx , . 
I 
！ 
program in schistosome database. \ 
i ‘ 
：丨 • I 1 1 
I 
i I 
I : I ‘ 
1 ： 





























2.2.1.2 Confirmation of stage specific expression of the selected gene, 20H8 and | 
I 
sjCaS, by RNA dot blot i 
I 
1 
2.2.1.2.1 Cloning of S. japonicum glyceraldehyde-3-phosphate dehydrogenase • 




2.2.1.2.1.1 Reverse transcription and PCR amplification of sjGAPDH i 
Ifxg of adult worm total RNA was diluted in 10\i\ 啦。. I t was incubated 
at 65°C for 5 minutes and chilled on ice immediately. Then the RNA was added { 
into a mixture containing 200 unit of Moloney Murine Leukemia Virus | 
i : 
(M-MLV) reverse transcriptase, 0.2mM of each dNTP, O.lfxg oligo (dT)i2-i8,1 x 
first-strand buffer (GibcoBRL), lOmM dithiotheritol and 40 unit RNaseOUT j 
1 
(GibcoBRL). The reaction mixture of final volume of 10\i\ was incubated at 37° i 丨 
C for 1 hour. It was then diluted to 100|il with dHzO after the RT reaction. 
i 
,• 1 
The RT product of adult worm RNA was used as template for the PCR j \ 
) I 
amplification. 10|il of it was mixed with 40^1 reaction mix, which contained Ix S j 
i 
< 1 
reaction buffer IV，0.2mM o f each dNTPs, 1 unit of Thermoprime Plus DNA j , 
polymerase, 1.5mM MgCh and 50 pmole each of specific primers (MF1079, i 
i 
MF1080). The template DNA was denatured at 94°C for 3 minutes and then j 
i 
amplified for 30 cycles with a cycle profile: 94°C for 30 seconds, 68°C for 30 '； 
i 
seconds and 12�C for 1 minute. After the last cycle, the reaction was extended at ! 
f 
72°C for 3 minutes. ！ 1 ( 1 I ! 
1 
2.2.1.2.1.2 Cloning ofsjGADPH in pBluescript IIKS (-) ； 
All of the amplified products were analyzed on agarose gel with 0.25fxg/ml | 
( 
I 











visualized under UV illumination. The band corresponding to the amplified j 
I 
sjGAPDH fragment was excised and purified with Qiaex II gel extraction kit J 
according to the manufacturer's protocol. j 
I 
A ligation reaction was set with 6pil purified sjGAPDH fragmeni, l\xl \ 
pBluescript II KS(-) T-vector, 7 Weiss unit of T4 DNA ligase in ImM ATP and \ 
t 
Ix T4 DNA ligase buffer of a total volume 10 |il. The reaction mixture was • 
< 
incubated at 16°C overnight. 
The ligation reaction mixture was then used to transform E. coli DH5a { 
1 
competent cell. An aliquot of competent cell (150|li1) was taken out from N70�C ！ 
I 
freezer and was thawed on ice. The ligation reaction mixture was added and the , 
，I 
ligation-competent cell mixture was kept on ice for 1 hour. Heat-shock was | 
j 
performed by putting the tube in 42°C water bath for 2 minutes and then chilled j 
on ice immediately. 800)^1 of pre-warmed LB was added and it was shaken at 1 
250rpm at 3 7 � c for an hour. Bacterial cells were harvested by short spin al high j 
speed and finally resuspended with 200^1 LB medium. Afterwards, the | 
J 1 
transformed bacteria cells were spread on LB agar plates containing 100|ig/ml | 
of ampicillin, 800昭 of X-gal and 800|ig of IPTG. The plates were incubated at j 
i 
37°C overnight and white colonies were identified as positive recombinants. ； 
t 
i I ( 
2.入 3 Sequence verification of cloned sjGAPDH 1 
1 
10 white clones were picked by toothpick and transferred to a new ) 
t 
LB/ampicillin agar plate. The plate was incubated at 37°C overnight. From each j 
I 
colony, a small amount of bacterial was scraped and mixed with 100|il dH20 in j 
an eppendorf tube. The tubes were boiled for 5 minutes and then chilled un ice t 
immediately. The tubes were centrifuged at 14，000xg for 5 minutes. lOfxl 
( 










with 15[il reaction mix to make up a reaction of 25|xl total volume, containing j 
Ix reaction buffer IV，0.2mM of each dNTPs, 1 unit of Thermoprime Plus DNA j 
polymerase, 1.5mM MgCh and 50 pmole each of specific primers (MF1079, ! 
I t 
MF1080). The template DNA was denatured at 94°C for 3 minutes and then i 
) 
amplified for 35 cycles with a cycle profile: 94°C for 30 seconds, 68°C for 30 j 
1 
seconds and 72°C for 1 minute. After the last cycle, the reaction was extended at 
•i 
f 
72�C for 3 minutes. lOfil product from each tube was analyzed by agarose gel ； 
1 
electrophoresis as mentioned in 2.2.1.2.1.2. Clones showing a band of size j 
( 
around 300bp were identified as positive recombinants. j 
One of the positive clones was inoculated in 15ml LB broth/ampicillin at | 
37°C overnight. Its plasmid was obtained with Wizard® 尸 S V Minipreps 丨 
j 
DNA Purification System according to the manufacturer's protocol. The j 
•丨 j 
plasmid was sequenced with ABI Prism™ dRodamine Terminator Cycle | ！ 
Sequencing Ready Reaction kit. The procedure was the same as described in | 
) ； 
I 
2.2.1.1，except that primers MF1079 and MF1080 were used. The obtained \ 
I i 
sequences were sent to NCBI for BLASTn search to confirm that c rrect | , 
I 
I I' 
sequence of sjGAPDH was cloned. [ [ 
1 ！ 
I .； \ \ I' 
2.2.1.2.2 Synthesis of Digoxigenin (DIG)-labeled probe j 
i 
% 
2.2.1.2.2.1 Synthesis of DIG-labeled probe by PCR I 
1 
80ng plasmid DNA of pBluescript II KS (-)/ sjGAPDH (from 2.2.1.2.1.3) j 
was used as template for synthesis of DIG-labeled probe against sjGAPDH by j 
PCR. The plasmid DNA was mixed with 5\il PCR-DIG labeling mix, 2.5 unit of j 
1 
Thermo- prime Plus DNA polymerase and 25 pmole each of specific primers i 
I 








total volume of 50|il. The template DNA was denatured at 94°C for 3 minutes | 
and then amplified for 20 cycles with a cycle profile: 94°C for 1 minute, 68°C } 
e 
f 
for 1 minute and 72°C for 1 minute. After the last cycle, the reaction was 5 
extended at 12。C for 5 minutes. i 
< ！ For the synthesis of DIG-labeled probe against 20H8, the protocol was the 
( 
I 
same as above, except pTriplEx2/ 20H8 (from 2.2.1.1) was used as template and 
MF942 and MF943 were used as specific primers. i 
For the synthesis of DIG-labeled probe against sjCaS, the protocol was the 
] 
same as above, except pTriplEx2/ sjCaS (from 2.2.1.1) was used as template and | 
MF1074 and MF1075 were used as specific primers. ； i 
！ 
I 
2.2.1.2.2.2 Estimation of concentration of DIG-labeled probe 
The DIG-probes were analyzed with agarose gel electrophoresis. The ] 
\ 
concentration of the probes was estimated from the intensity of band. Then each , 
I 
probe was diluted to approximately 10 pg/fxl, 1 pg/jil, 0.1 pg/f^l and 0.01 pg/^xl. j 
Ifil of each diluted probes were dotted on a nylon membrane. DIG-labeled ‘ 
I 
control DNA was also diluted to these concentration and dotted on the same ; 
t 
membrane. The membrane was fixed by UV crosslinking at 0.15J/ cm^ for 5 \ 
\ 
I 
seconds. The membrane was briefly washed with washing buffer. It was j 
I 
incubated in blocking solution for 30 minutes. It was then incubated with ； 
anti-DIG alkaline phosphatase diluted 1:5000 in blocking solution for 30 j 
minutes. It was washed twice with washing buffer for 15 minutes. It was then j 
incubated in detection buffer for 2 minutes. Finally, it was placed in a j 
transparent plastic bag and incubated with 0.5ml ready-to-use CSPD® for 5 ] 
•. 丨 
minutes. The chemiluminescent signal was detected with Roche Lumi-imager. i i 
I 
As the readings were proportional to the concentration of DIG-probe of each j 






Spot, the actual concentration of each probe was calculated relative to the : 
I 









, 22.7.2.3 J Transferring RNA to the membrane using the BIO-RAD blotting 丨 I 
manifold 
BIO-RAD blotting manifold was cleaned with O.IN NaOH and rinsed 1 
I 
thoroughly with DEPC-treated water. 5fxg adult worm RNA and cercaria RNA j 
i 
sample were separately diluted to 10|il with DEPC-treated water. 30fxl RNA j 
1 
dilution buffer was added to each. The samples were heated at 65�C for 10 ^ I j 
minutes and cooled then on ice. 40^1 20x SSC was added to each tube and the 丨 
1 . \ 
content was mixed well. The RNA samples were loaded into the blotting j 
i 
manifold by suction. Afterwards, the membrane was taken out and fixed by UV \ 
i ！ 
crosslinking at 0.15J/cm^ for 30 seconds. 丨 
I 
( 
2.2.1.23.2 Hybridization of DIG-labeled probe to detect sjGAPDH j 
The membrane was pre-hybridized in 20ml pre-hybridization buffer in a | 
I 
50ml falcon tube at 50°C for 1 hour. The DIG-probe against sjGAPDH was i 
I 
i 
boiled for lOminutes and diluted to 25ng/ml with pre-hybridization buffer to 
[ 
make the hybridization buffer. The membrane was incubated in the j 
hybridization buffer at 50�C with agitation overnight. ！ 
I I I f 
2.2.1.2.3.3 Detection of the chemiluminescent signal [ 
I 
The membrane was washed twice with 2x wash solution and twice with i 
i 
0.5x wash solution, 15 minutes each. The membrane was equilibrated in 
I 








washing buffer for 1 minute and then incubated in 1% blocking solution for 1 丨’ 
I 
hour. It was incubated with anti-DIG alkaline phosphatase diluted 1:10000 in 
t 
1% blocking solution for 30 minutes. It was washed twice in washing buffer for j 
15 minutes and incubated in detection buffer for 2 minutes. Finally the : 
i 
membrane was placed in a transparent plastic bag and incubated with 
ready-to-use CSPD®. The chemiluminescent signal was detected with Roche • 
Lumi-imager. • 
i j 
2.2.1.2.3.4 Stripping membrane for reprobing , 
50ml 0.1% SDS was heated in a falcon tube. Shortly before the solution | 
I j 
started to boil, the membrane was transferred to the tube and incubated for 10 j 
minutes on a rocking platform without further heating. Then the membrane was ；, 
！ 
washed in washing buffer for 5 minutes. Afterwards, the membrane was i 
I 
exposed to confirm there was no chemiluminescent signal. 丨 
The experiment was repeated twice with anti-20H8 DIG probe and j � 
anti-sjCa8 DIG probe respectively according to the procedure mentioned i ； 
(2.2.1.2.3.2- 2.2.1.2.3.4). The readings of anti-GAPDH probe against cercaria | 
I 
I ： 
RNA and adult worm RNA were used to calculate the normalization factor. [ ‘ 
I 



























2.2.2.1 Cloning of full-length cDNA of 20H8 | 
•i 
2.2.2.1.1 5，RACE of 20H8 ‘ 
J 
5 S. japonicum library was diluted with 45|il distilled water. It was \ 
I 
boiled for 10 minutes, then cooled down and centrifuged at 14，000rpm for 10 j 
I 
minutes. 5 [aI supernatant was used as the template for RACE reaction. i 
A primer, MF943, was designed specific to the 20H8 sequence. Together 
i 
with the vector primer MF658, they were used for the RACE reaction. ！ 
The RACE reaction mix was 50^1 in volume, which contained 5^ x1 diluted j 
I 
library, Ix reaction buffer IV，0.2mM of each dNTPs，1 unit of Thermoprime ； 
t. 
Plus DNA polymerase, 1.5mM MgCla and 50 pmole each of primers (MF658, \ 
I : 
MF943). The template DNA was denatured at 94°C for 3 minutes and then j | 
‘ I 
amplified for 30 cycles with a cycle profile: 94°C for 30 seconds, 68°C for 30 丨 ； 
！ ： 
seconds and ITC for 2 minute. After the last cycle, the reaction was extended at ] ： 
I ！ 
71。C for 3 minutes. The RACE product was analyzed by agarose gel i ； 
electrophoresis as described in 2.2.1.2.1.2. The fragment was purified with | 
I 
Qiaex II gel extraction kit according to the manufacturer's protocol. | 
i 
The DNA fragment was directly sequenced to obtain the 5，end information ； 
I 
of 20H8 cDNA. The procedure was the same as described in 2.2.1.1，except that j 















2.2.2.1.2 Cloning of full-length 20H8 into pBluescript II SK(-) | 
I 
A new primer MFIOOO was designed, which flanked the complete open ： 
] 
reading frame sequence of 20H8 with MF658. The complete open reading frame j 
sequence of 20H8 was amplified with PGR for cloning into pBluescript II SK(-) ； 
i 
as 2.2.1.2.1, in which template DNA was the diluted S. japonicum librar：/. The 
sequence of the cloned fragment in the positive clones was verified as described ‘ 




















































2.2.2.2 Analysis of DNA sequence and deduced amino acid sequence of 20H8 j 
•a 
I 
J i i 
The DNA sequence of the open reading frame of 20H8 was analyzed by ！ 
‘ tBLASTx at NCBI server for homology search. | 
I 
The deduced amino acid sequence of 20H8 was aligned with that of the S. ‘ 
mansoni unknown cDNA to reveal the consensus sequence with T-COFFEE 
(http://www.ch.embnet.org/software/TCoffee.html). | 
The deduced amino acid sequence of 20H8 was analyzed with InterPro Scan j 
！ 
program (http : / /www.ebi.ac.uk/InterProScan/). InterPro is a database of protein j 
families, domains and functional sites in which identifiable features found in known i 
i I 
proteins can be applied to unknown protein sequences. j 
The amino acid sequence was analyzed with SignalP V2.0 World Wide Web j 
Server for signal peptide prediction (http : / /www.cbs.dtu.dk/services/ signalP). \ 
I 
‘ The amino acid sequence was analyzed with TMHMM2.0 for prediction of ！ 
i 
transmembrane helices (http://www.cbs.dtu.dk/services/TMHMM-2.0). | 
The amino acid sequence was analyzed with ProtFun2_2 for cellular role and j 
enzyme class prediction (http://www.cbs.dtu.dk/services/ProtFun). 
i 
The amino acid sequence was analyzed with Target? 1.0 for subcellular location i 
I 
prediction (http://www.cbs.dtu.dk/services/TargetP). j 
i ！ 





















2.2.2.3 Demonstration of the immunogenicity and antigenicity of 20H8 ！ 
I 
i I 




2.2.2.3.1.1 Cloning of 20H8 in an E coli expression vector, pET32a+ ； 
‘ A new pair of primers (MFlOll and MF1039) was designed for the , 
i 
amplification of 20H8. With the use of these primers, an EcoRI restriction site 
and a Hindlll restriction site were added to the 5，and 3，end of 20H8 open ； 
I 
reading frame respectively. 
The PCR reaction mix was 50fxl in volume, which contained lOOng ( 
i 
pBluescriptll SK(-)/ 20H8 (from 2.2.2.1) as template, Ix reaction buffer IV， ； 
i 
0.2mM of each dNTPs, 1 unit of Thermoprime Plus DNA polymerase, 1.5mM j 
"I 
MgCl2 and 50 pmole each of primers (MFlOll, MF1039). The template DNA J 
) 
was denatured at 94°C for 3 minutes and then amplified for 20 cycles with a i 
cycle profile: 94°C for 30 seconds, 68°C for 30 seconds and 72°C for 2 minute. 
1 
-.1 
After the last cycle, the reaction was extended at 72°C for 3 minutes. The j 
I 
amplified PCR product was analyzed by agarose gel electrophoresis as 1 
described in 2.2.1.2.1.2. The fragment was purified with Qiaex II gel extraction j 
kit according to the manufacturer's protocol. ! 
I 
An E. coli expression vector, pET32a+, was prepared from the glycerol 
stock with Wizard® Plus SV Minipreps DNA Purification System according to ‘ 
( 
the manufacturer's protocol. | 
The vector and the purified PCR fragment were digested with EcoRI | 
according to the manufacturer's protocol. Then they were purified by ^ 
1 
phenol-chloroform- isoamyl alcohol (PCI) extraction. Equal volume of PCI i 
‘ j 
solution was added into each tube. The tubes were vortexed for 2 minutes and ‘ 







then centrifuged for 20 minutes. The upper layer was obtained and transferred to | 
i 
I' 
a new tube. Equal volume of PCI solution was added into each tube. The tubes j 
were vortexed for 2 minutes and then centrifuged for 20 minutes. Finally, ！ 
purified DNA was obtained by saving the upper layer. To concentrate the DNA, 
i. 
ethanol precipitation was performed as mentioned in 2.2.1.1. > 
The resulted vector DNA and 20H8 DNA were digested with Hindlll ； 
resctriction enzyme according to the manufacturer's protocol. Then they were 
‘ purified with Qiaex II gel extraction kit according to the manufacturer's j 
I 
protocol. Ligation of 20H8 and pET32a+ and transformation of the recombinant j 
"i 
plasmid into E. coli DH5a cell were performed as described in 2.2.1.2.1.2. The ； 
sequence of the positive clones was verified as mentioned in 2.2.1."1.1.3. i 
5 
Plasmid with correct sequence was prepared with Wizard® Plus SV Minipreps ！ 
I 




2.2.23 J . 2 Expression of recombinant 20H8 protein in E. coli ] 
J 
pET32a+/ 20H8 was transformed into E. coli DE3 cells as mentioned in \ 
I 
2.2.1.2.1.2. The induction of expression of recombinant 20H8 protein was j 
I 
‘ performed as stated in the manufacturer's protocol. Briefly, a positive clone was i 
inoculated in LB broth/ ampicillin as starter culture and incubated at 37°C, : 
J 
200rpm for 10 hours. The starter culture was inoculated in fresh LB broth/ | 
ampicillin in a ratio of 1:100. The culture was incubated at 3TC, 200rpni until j 
I 
OD600 reached 0.8. Then the culture was spilt into 2 bottles. For one of the i 
_ 
bottle, IPTG was added to the culture to a final concentration of ImM. For the | 
， I 
i 
other one, no IPTG was added and it was the control. Both cultures were 
i 
incubated at 37°C, 200rpm. 1 ml culture was obtained from each bottle every 30 j 
I 
minutes. ) 







I ^ 1 t 
< ： 
I J 
The samples were centrifuged at SOOOxg to obtain pellet. Each pellet was ‘ 
resuspended in 20^1 Ix SDS sample loading buffer and boiled for Sminutes. \ 
i 
t 
The denatured samples were then analyzed with SDS-PAGE. The samples were j 
？ 
I 
resolved on a 12.5% mini-gel at lOOV. The gel was stained with SDS-PAGE 
•t 
staining solution and then it was destained with SDS-PAGE gel destaining '' 
solution to visualize the bands. i 
,1 
[ 
2.2.2.3.2 Purification and concentration of recombinant 20H8 protein j 
1 
Recombinant 20H8 protein, which was a His • Tag fusion protein, was | 
I 
purified from the bacterial culture with Novagen His • Bind purification kit | 
1 
under non-denaturing condition according to the manufacturer's protocol. ( 
The protein was desalted and concentrated with Pall Nanosep® centrifugal 
( : 
device (3 kDa cut-off). Distilled water was added in order to desalt the protein. I 
i 
This was carried out according to the manufacturer's protocol. Then the final j 
i i 
concentration of the protein was determined with Bradford assay using Bio-Rad i I 
I i 
Protein Assay Dye Concentrate according to the manufacturer's protocol. . ； 1 
i : ; 1 • I I 
2.2.2.3.3 Production of antiserum ； 
！ 
A group of 15 female BALB/c mice (6-8 weeks old) was used for [ 
i 
I 
immunization to produce anti-20H8 serum. Induced bacterial culture of ！ 
i 
pET32a+/ 20H8/ DE3 was resolved on SDS polyacrylamide gels. Band j 
I 
\ 
corresponding to recombinant 20H8 protein was excised from the gel. It was \ 
X f 
ground and mixed with Freund's complete adjuvant in 1:1 ratio (v/v). 0.1 ml of | 
I' 
this mixture, which contained 25|Ag recombinant 20H8 protein, was used to [ 
1 
immunize each mouse as the first immunization. After 2 weeks, protein gel 











incomplete adjuvant in 1:1 ratio (v/v). 0.1 ml of this mixture, which contained | 
25 ng recombinant 20H8 protein, was used to immunize the mice as the second j 
.1 
immunization. After 2 weeks, the same was repeated as the third immunization. 
10 days later, blood was collected from the mice. The mice were | 
anesthetized with chloroform and dissected. Blood was collected by puncturing 
I 
J 
the pumping heart with a syringe. The blood was allowed to clot. Then it was 
centrifuged at 14000xg to separate the clot and the serum. The anti-20H8 serum ( 
was collected and stored as small aliquots at -70 °C. | 




, 2.2.2.3.4 Evaluation of immunogenicity of recombinant 20H8 protein | 
Recombinant 20H8 protein was resolved on an SDS-polyacrylamide gel. j 
2\ig was loaded in each lane. Bio-Rad molecular weight marker (board range) \ 
I » 
was used as the molecular weight reference. Protein was transferred from the j 
gel to a Bio-Rad PVDF membrane by semi-dry blotting method. After transfer, » 
part of the membrane was stained with amido black, the other part was used for | 
；. 
a western blot. ！ 
The membrane was incubated in blocking solution for 1 hour. The | 
membrane was then incubated in primary antibody solution, in which anti-20H8 j 
serum was diluted 1:500 in blocking solution, for an hour. Normal mouse serum i 
( 
’ in place of an t i - 2 0 H 8 mouse serum was used as control. The membrane was j 
washed three times with PBS with 0.2% tween 20 before applying secondary | 
antibody. Alkaline phosphatase conjugated horse anti mouse IgG (H+L) was | 
diluted (1:1000) in blocking solution as secondary antibody. The membrane was | 
I 
i 








1 、 t 1 
1 
I 
washed three times with PBS with 0.2% tween 20 and then incubated in alkaline j 
phosphatase buffer for 5 minutes. Finally, colour-developing solution was j 
applied on the membrane. The membrane was washed with distilled water and ) 
air-dried after the bands appeared. j 
， 
2.2.2.3.5 Evaluation of antigenicity of recombinant 20H8 protein : 
Western blot was performed similarly as mentioned in 2.2.2.3.4. Two ！ 
different primary antibodies were used separately in this experiment: ierum { 
1 
from rabbit infected with S. japonicum (IR) and serum from rabbit immunized j 
with UV-attenuated S. japonicum cercaria (UVR). Serum from normal j 
un-immunized rabbit was used as control. The sera were diluted 1:500 in j 
I 
blocking solution. 
The secondary antibody was alkaline phosphatase conjugated anti-rabbit ； i 
IgG. It was diluted 1:1000 in blocking solution. i 丨 
J I 
1 
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2.2.2.4.1 Collection of S. japonicum cercaria j 
Infected snail host，Oncomelania hupensis, was induced to shed cercaria 
into water by bright light. 20 infected snails were placed in a petri-dish filled ' 
1 
. with distilled water. The dish was exposed to bright light for 3 hours. Cercaria ( 





2.2.2.4.2 Immunofluorescence staining of cercaria ‘ 
1' 
A whole worm staining was done to locate 20H8 antigen in cercaria. The | 
parasite was incubated in 50[i\ PBS in an eppendorf tube for 5 minutes. Then it 1 
I 
was centrifuged at 3000xg for 5 minutes and supernatant was removed. of , 
1 
blocking solution was applied to the parasite and incubated for 30 minutes. It | 
I < 
I 
was centrifuged to remove the supernatant. i 
Primary antibody was diluted 1:20 in blocking solution. For the ； 
I 
• experimental sample, the parasite was incubated in anti-20H8 serum. For the ' 
J 
control sample, the parasite was incubated with normal mouse serum. For blank | 
4 
control, the parasite was incubated in blocking solution with neither serum. All j 
samples were incubated for 1 hour. Afterwards, they were centrifuged to rei nove j 
the supernatant. This was followed by the washing steps. In which, 50^1 PBS ； 
t 
t丨 
was added to the tube and incubated for 5 minutes. The supernatant was ( 
I 
removed after centrifugation. These steps were repeated for three times. j ! 
TRITC goat anti-mouse IgG (H+L) was used as secondary antibody. It was , 
i 
diluted 1:50 in blocking solution containing lug/ml 4,6-diamidino-2- i 
I 
phenylindole (DAPI). The samples were incubated in secondary antibody for 1 j 
‘ hour. This was followed by the washing step. 








Finally, the parasite was resuspended in 20|il PBS. The suspension was | I 


























































2.2.3.1 Analysis of DNA sequence and deduced amino acid sequence of sjCaS ‘ 
1 
The full-length open reading frame of sjCaS was obtained from one of the ‘ 
• i 
cercaria-stage specific clones after sequencing the clones as mentioned in 2.2.1.1. 
The deduced amino acid sequence of sjCaS was compared with that of its S. j 
I 
mansoni homologue by T-COFFEE. j . 
I 
• The deduced amino acid sequence of sjCaS was analyzed with InterPro Scan ‘ 
i 
program to find if it belongs to any protein family and if it contains any domain or 丨 
t 
functional site. I 
The amino acid sequence was analyzed with SignalP V2.0 World Wide Web | 
Server for signal peptide prediction. ； 
The amino acid sequence was analyzed with TMHMM2.0 for prediction of J < 
transmembrane helices. ！ 
I 
The amino acid sequence was analyzed with ProtFun2_2 for cellular role and ! 
enzyme class prediction. ! 
The amino acid sequence was analyzed with Target? 1.0 for subcellular location ！ i ! 
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2.2.3.2.1 Expression of sjCaS in bacterial cell j 
Full-length open reading frame of sjCaS was cloned into pET32a+ vector. 
V 
i 
The procedure was similar to what was described in 2.2.2.3.1.1. A p?ir of 
sjCaS-specific primers (MFllll，MF1112) and template DNA of pTriplExII/ ； 
sjCaS plasmid were used in the PGR reaction. As a result, Hindlll and Xhol 
\ 
restriction sites were added to the DNA fragment for cloning. j 
I 
The expression of recombinant sjCaS protein was performed as described ！ 
/ f 
in 2.2.2.3.1.2. ( 
！ 
I 
2.2.3.2.2 Purification and concentration of recombinant sjCaS protein , 
；丨 
Recombinant sjCaS protein, which was a His • Tag fusion protein, was j 
i 
purified from the bacterial culture with Novagen His • Bind purification kit 
I 
under non-denaturing condition according to the manufacturer's protocol. |. 
I 
The protein was desalted by dialysis against distilled water for two days j 
1 
using Pierce Slide-A-Lyzer® Cassette (7kDa Cut-off). Then the protein was « 
i 
concentrated with Pall Nanosep® centrifugal device (3 kDa cut-off) according j 
to the manufacturer's protocol. Afterwards, the final concentration of the protein I 
was determined with Bradford assay using Bio-Rad Protein Assay Dye \ 
I 




2.2.3.2.3 Production of antiserum 
A group of 15 female BALB/c mice (6-8 weeks old) was used for j 
I 
immunization to produce anti-sjCaS serum. Purified recombinant sjCa8 p;otein j 
from 2.2.3.2.2 was mixed with Freund's complete adjuvant in 1:1 ratio (v/v). j 
I 
4 6 ： 1 









25 ^ ig recombinant sjCaS protein was used to immunize each mouse as the first j 
immunization. After 2 weeks, sjCaS protein was mixed with Freund's ！ 
I 
incomplete adjuvant in 1:1 ratio (v/v). 25pig of this mixture was used to ‘� I 
immunize the mice as the second immunization. After 2 weeks, the same was j 
repeated as the third immunization. 
i 
10 days later, blood was collected from the mice. The mice were 
anesthetized with chloroform and dissected. Blood was collected by punct iring i 
the pumping heart with a syringe. The blood was allowed to clot. Then it was j 
centrifuged at 14000xg to separate the clot and the serum. The anti-sjCaS serum \ * \ 
was collected and stored as small aliquots at -70 i 





2.2.3.2.4 Evaluation of the immunogenicity of sjCaS ‘ 
J 
\ 
A western blot was done to evaluate the immunogenicity of sjCaS protein. | 
The procedure was similar to what was described in 2.2.2.3.4. 2\ig purified , 
sjCaS recombinant protein from 2.2.3.2.2 was loaded in each lane (x: the | 






2.2.3.2.5 Evaluation of the antigenicity of sjCaS ； 
A western blot was done to evaluate the antigenicity of sjCaS protein. The j 
s 
i 
procedure was similar to 2.2.2.3.5，except that sjCaS recombinant protein from j 
J 
I 






( I i I 
I 
I' 
2.2.3.3 Demonstration of calcium-binding property of sjCaS j 
I 
2.2.3.3.1 Calcium-dependent electrophoretic mobility shift | 
( 
The method was modified from Burgess et al.'s work (Burgess et al., 1980). ( 
Recombinant sjCaS protein was electrophoretically separated on a 12.5% ； 
1 ' 
poly aery lamide gel in the absence of SDS. Bovine serum albumin was run 
k 
alongside with sjCaS as the control. The gels, sample loading buffer and the ‘ 
> 
running buffer were made to contain ImM CaClz or ImM EDTA. j 
I 1 
！ 
2.2.3.3.2 Ruthenium red assay J 
I 
The method was described by Charuk et al. before (Charuk et al., 1990). \ 
Recombinant sjCaS protein and bovine serum albumin were dotted on a Milli-Q [ 
I 
water-wetted nitrocellulose membrane with Bio-Rad blotting manifold. 2\xg J 
I 
protein was present in each spot. After transferring the protein, the membrane 
1 
was incubated in the ruthenium red assay buffer for 10 minutes. For the control | 
\ 
. experiments, the assay buffer contained ImM CaCh, ImM EDTA. Finally the j 
membrane was briefly rinsed with Milli-Q water and the image was scanned j 
I 


















！ I I 
2.2.3.4 Immunolocalization of sjCaS in cercaria ‘ 
I 
An immunofluorescence staining of whole cercaria was done to locate the sjCaS j 
I 
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Chapter 3 Results j 
I 
. . I 
3.1. Identification of cercaria stage specific genes 
i 
3.1.1 Identification of cercaria stage specific genes by microarray 
« 
74 cercarial stage-specific clones were obtained by screening the S. J 
I 
japonicum cercaria cDNA library with adult worm RNA and cercaria RNA as i 
I 
mentioned in 2.1.2. The name of clones selected and the ratio of differential t 
‘ 1 
expression in cercaria over adult worm were tabulated in table 1. , 
！ 
Among these clones, 44 were manipulated by me. The sequencing reaction ； 
I 
of the remaining clones was done by my labmates, Miss Priscilla, L.Y. Tang and | 
Miss Winnie, W.Y. Kung. ‘ 
j 
After sequencing, some clones were found to have no insert and some were | 
failed to be sequenced. Finally, 63 ESTs were obtained. The ESTs were 
1 ) 
analyzed with tBLASTx program at National Center for Biotechnology j 
Information (NCBI) and Washington University BLAST archives j 
i � 
(WU-BLAST). The identification of cercaria stage specific clones was , � i 
summarized in table 2. I 
1 
i 
Two of the most abundant ESTs in the cercaria library were selected for j 
further analysis. They were named sjCaS and 20H8 respectively. J 
I ！ 





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.1.2 Confirmation of stage specific expression of the selected gene, 2OH8 j 
I 
and sjCa8, by RNA dot blot j 
( 
1' f I 
RNA of S. japonicum adult worm and cercaria was dotted on the 
membrane and probed with digoxigenin (DIG) labeled probe specific to S. ； 
i 
japonicum glyceraldehyde-3-phosphate dehydrogenase (GAPDH) for 
f 
1 
calculation of normalizing factor. , 
V 
The result was shown in figure 2. The reading of adult worm was 32493.9 < 
i I 
and that of cercaria was 12178.7. The expression of GAPDH in cercaria and ( „„ 
： i丨: 
adult worm was assumed to be consistent. Thus, the normalizing factor (adult 1 :� ) I 
worm/ cercaria) was calculated as follows: , 
1 
Reading (adult worm) 32493.9 j 
Normalizing factor = = = 2.67 ’ 











sjGAPDH .gum ^ 






Figure 2. Normalization of RNA dot blot. 5|ig adult worm RNA (left) and 1 
cercaria RNA (right) were probed with S. japonicum GAPDH probe as ！ 
described in 2.2.1.2.3. The reading of adult worm was 32493.9; the reading j 
of cercaria was 12178.7. After calculation, the normalizing factor (adult/ ) 
f 
cercaria) was 2.67. f 
i 




i \ i 
» i 
！ 
The membrane was stripped and reprobed with DIG-labeled cDNA probe ; 
1 
of 20H8 gene. The result was shown in figure 3. The reading of cercaria was j 
I 
11057.6; that of adult worm was 274.5. The difference of expression of 20} '8 in ； 
i 
cercaria to adult worm was calculated as follows: 
J 1 
i 
Difference in expression (cercaria/ adult worm) j 
Reading of cercaria 
= X Normalizing factor ! 
Reading of adult worm 丨 
( 
11057.6 ！ 
= X 2.67 ！ 
‘ 274.5 j 
= 106.8 { 
I 






Adult worm Cercaria I 
• ！ 





Figure 3. RNA dot blot with 20H8 specific probe. 5 [ig adult RNA (left) \ 
and cercaria RNA (right) were probed with 20H8 probe as described in ^ 
2.2.1.2.3. The reading of adult worm was 274.5; the reading of cercaria was [ 
11057.6. After calculation, the difference of expression of 20H8 in ceri ；aria ！ 









‘ The membrane was stripped and reprobed with DIG-labeled cDNA probe i 
i 
of sjCaS gene. The result was shown in figure 4. The reading of cercaria 
was 2198.9; that of adult worm was 314.8. The difference of expression of 
(i 
. . i 
sjCaS in cercaria to adult worm was calculated as follows: 
I 
Difference in expression (cercaria/ adult worm) 
1 
Reading of cercaria 
= X Normalizing factor 丨  
Reading of adult worm 
( 
2198.9 ！ 
= X 2.67 
314.8 j 
‘ = 18.5 ； 
I 
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Figure 4. RNA dot blot with sjCaS specific probe. 5 ^g adult RNA (left) j 
and cercaria RNA (right) were probed with sjCaS probe as described in , 
2.2.1.2.3. The reading of adult worm was 314.8; the reading of cercaria ( 
was 2198.9. After calculation, the difference of expression of sjCa8 in ； 

















3.2. Characterization of the cercaria stage specific gene and gene product of j 
20H8 ！ j 
I 
3.2.1 Cloning of full-length cDNA of 20H8 | 
> 
i 
After performing rapid amplification of cDNA ends (RACE) reaction at 
the 5，end of 20H8, it was found that the complete 5' end was already included ‘ 
in the clone selected. i 
I 
The full length open reading frame of 20H8 was successfully amplified 1 
. ! 
with the gene specific primers from the cercaria cDNA library, and cloned into ) 
V 
. j 
pBluescript II SK(-) vector. After sequencing of the recombinant vector, a \ 
I 
complete open reading frame consisted of 381 nucleotides, which encoded for | 
126 amino acid residues, was found. (Figure 5) j 
i I 
� I丨 • 




































g g a a t t c g g c c a t t a t g g c c g g g a a c t c t t a c a t g t a c a a ^ c c a t t c c a c a t t g g t g a c ‘ 
j f P F H I G D ; 
aaaac<g«tcat 11 tgac«c4aacgcu4cc«accc5atcctcajg:gt tcaggt 1 1 t a t j ; 
K S G H F D A N A K R P N P Q G S O F M 
g g t ^ g t g g t g g t t t t g g c g g t t a c c a a g a t c c t c g a t a t g g t a a t a t g a a t c a a a a c t a t 
G G O G F G G Y Q D P R Y G N M N Q N V I 
tgcggcggggtgcctggaaatggggtct I t^gacaagacatgtataaccaacagcga^gt 
C G G V P O N O V F G Q D M Y N Q Q R C T 
ccccaagact jgaata tgg^jaaggcgata tcgtaatggctcagat tccgatgic tc t f i ^t ! 
P Q D W N M G R R Y R N O S D S D D S I > ‘ 
ca tg f t agaagaaacca tg^ t^ t tggaaccaaggac^a ta tgg^ tcacac tcaca tc f s | 
H G R R N H G O W K Q G R Y G S H S H R ) 丨 
cg iga tca t tc t^f tggt tc44gctccja»gaas«a4ggcaaaacagac<i^tggcgct^ J 
R D H S G G S S S D E G R Q H R Q V R " j 
a a a a t t t g t a t t a c t g g t t a t c g t t a t a t t c t t c t t g g a a a t t t t t c t a c a g t c a t a t a t : 
t a c a t t a t c t a t t a t c c g g a t g a a a t c g a a a a a t g g a c t g a a t a a a a t t g a t a a t g t g c t j 
I 
t a c t a c 4 t a t t t c j c c t a i t t g t c t t t t ga t a t t t t l a t a a a t a t c g t a j a a a t a a a c t t ； 
t I 






F i g u r e 5 . Complete cDNA sequence and deduced amino acid sequence of 1 
20H8. The start codon "atg" and the stop codon "tag" of the open reading frame ！ 
were underlined. The open reading frame of 20H8 comprised of 381 nucleotide i 
which encoded for 126 amino acid residues. The polyadenlyation signal were ^ 


















i ？ 1 
I f i 
3.2.2 Analysis of DNA sequence and deduced amino acid sequence of ' 
i 
20H8 \ i { 
t i 
After searching with tBLASTx at WU-BLAST database, the deduced . 
I' 
I 
amino acid sequence of 20H8 protein showed homology (62%) to a S. mansoni 
antigen, clone 24. (Figure 6) ‘ 
！ 
I' 
>EHBL:AF030974 Schistosoma mansoni clone 24 unknown iriRNA, partial cds. | 
Length = 6 0 1 
( I 
Plus Strand HSPa: i 
f 
I 
Score = 390 (142.3 b i t s ) , Expect = 3.4e-35, P = 3.4e-35 i 
Identities = 80 /127 (62%) , Positives = 90 /127 (70%) , Frame = +1 / +3 j 
Query: 31 HF D AN ANRPNP QGS GF HGGGG- F GG YQD PRYGNHNQNYCGGVPG NGVFGQDHYNQQ 195 ！ 
HFDAN NR N Q GF G + DPRYGNMN NY GGVPG NG++GQ++YNQQ ; 
Sbjct : 3 HFDANQNRFNLQDPGFGPSEGVYNNRHDPRYGNHNPNYYGGVPGTFGGNGHYGQNIYNQQ 1B2 j 
\ 
Query: 196 RGPQDUNHGRRYRNGSDSDDSDHGRRN-HG—GUNQGRYGSHSHRRDHSG—GSSSDEG 357 j, 
G Q UN GRR+ NGSDSDDSD +RN G GUNQGR+GSHS+RR HS GSSSDEG 1 
Sbjct : 183 PGSQAUNAGRRHLNGSDSDDSDIDKRNFRGSGPGUNQGRHGSHSNRRGHSSDRGSSSDEG 3 62 j 
Query: 358 RQNRQUR 378 ' 
R+NR ¥R I 
Sbjct : 3 63 RRNRHUR 383 ^ 
‘ i 
I 
Figure 6. tBLASTx result of 20H8. It showed that 20H8 protein was a ； 
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I I i 
The deduced amino acid sequence of 20H8 was aligned with that of the S. 
mansoni antigen by T-COFFEE to reveal the consensus amino acid sequence. 
(Figure 7) 
食 
BAD AVG^^ mill 
i • ‘ ” m ^ i I 
m ^ m ^ l ^ ^ H H ^ B g t p g 
RGs Giiafei tfg^o'san 
CO H I H I ^ H H H H 
Figure 7. T-COFFEE result of alignment of 20H8 (denoted as "sj") and the S. 
mansoni ("sm") antigen. Regions in red colour indicated high homology. 
Regions in orange colour indicated average homology. Gaps (-) were 




The amino acid sequence of 20H8 was analyzed with InterPro scan. It was 
found not to belong to any identified protein families. No domain and ) 
s 
functional site was found. 
The amino acid sequence was analyzed with SignalP V2.0 World Wide 
j 
Web Server. No signal peptide was predicted. 
The amino acid sequence was analyzed with TMHMM2.0. It was ； 
predicted to be an extracellular protein. 
I 
The amino acid sequence was analyzed with ProtFun2_2. It was predicted ^ 
to be a non-enzyme and related to translation. ！ 
i ‘ 
The amino acid sequence was analyzed with Target? 1.0. It was predicted j 
�� 
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3.2.3.1 Expression of 20H8 in E. coli ； 
t 
The complete open reading frame sequence was successfully cloned into E. i 
coli expression vector pET32a+. The recombinant vector was successfully .J 
( 
transformed into E. coli DE3 cells. The protein expression was induced and 
analyzed with SDS-PAGE (Figure 8). The recombinant 20H8 protein of about ‘ 
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Figure 8. SDS-PAGE analysis of protein expression of recombinant 20H8. j 
20H8 recombinant protein was expressed in bacteria as described in | 
2.2.2.1.3. The upper diagram was the induced recombinant 20H8 protein ; 
expression. The lower diagram was control in which no IPTG was added. I ：‘ 
I 
Lane M was the Bio-Rad molecular weight standards (broad range). Lane ( 
I 
1 was the bacteria culture collected before induction (time= 0). For lane 
2-8，they were the bacteria culture collected at a 30 minute-interval after ) 
\ 
the induction of expression (i.e. time = 30min, 60min...210min). The j 
arrowhead indicated an inducible band of size�32kDa, which , 
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3.2.3.2 Purification and concentration of recombinant 20H8 protein i 
I 
I 
Recombinant 20H8 protein was purified from the bacterial lysate j 
with His • BindT purification kit as mentioned in 2.2.2.3.2. It was then ； 
j 
concentrated to 0.45mg/ml with centricon. The purified and concentrated 
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Figure 9. Purification and concentration of recombinant 20H8 protein. > 
Recombinant 20H8 protein was purified and concentrated as described in | 
2.2.2.3.2. Lane M was the Bio-Rad molecular weight standards (broad i 
range). Lane 1 was bacteria lysate of induced culture. Lane 2 was j 
recombinant 20H8 protein purified with His-bindT purification kit. Lane ； 

















3.2.3.3 Production of antiserum ！ 
f 
The purified recombinant 20H8 protein was separated on SDS-PAGE， ！ 
1 
stained with Coomassie blue. The protein band was cut from the gel to I 
f 
immunize BALB/c mice as described in 2.2.2.3.3. The serum was ,； t I 
aliquoted and stored at -70°C. Around 12 ml of blood was collected irom • 














































3.2.3 A Evaluation of immunogenicity of recombinant 20H8 protein | 
A western blot was done to evaluate the immunogenicity of | 
秦 
recombinant 20H8 protein (Figure 10). Recombinant 20H8 protein was 
i I 
recognized by the anti-serum raised with recombinant 20H8 protein but 






； I NM 20H8 二 M l 2 3 ! ， 
' • — ^ - r i ：‘ 
i • V ‘ *. ： 
• , I 
雄 ‘ 
�.....、：•::、？.... i 
• • ： - • ： … 1 , 
•f i 
( r _ • 
！ 
Figure 10. Evaluation of immunogenicity of recombinant 20H8 protein by 
( 
western blot. The western blot was done as described in 2.2.2.3.4. Lane M was i 
the Bio-Rad molecular weight standards (broad range). Lane 1-3 were 2 jig | 
purified recombinant 20H8 protein. Lane M and 1 were stained with amido ； 
black. Lane 2 was probed with normal mouse serum (NM), 1:500 as primary ；; 
antibody. Lane 3 was probed with anti-20H8 serum (20H8), 1:500 as primary ！ 
antibody. The secondary antibody was alkaline phosphatase conjugated ! 
anti-mouse IgG (1:1000). Recombinant 20H8 protein was detected by ‘ 











3.2.3.5 Evaluation of antigenicity of recombinant 20H8 protein ) 
A western blot was done to evaluate the antigenicity of recombinant | 
f 
20H8 protein (Figure 11). Only serum from rabbit immunized with 
UV-attenuated cercaria could recognize 20H8, but not normal rabbit serum 
i 
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Figure 11. Evaluation of antigenicity of recombinant 20H8 protein with | 
western blot. The western blot was done as described in 2.2.2.3.5. Lane M j 
was the Bio-Rad molecular weight standards (broad range). Lane 1-4 were ！ 
2 ng purified recombinant 20H8 protein. Lane M and 1 were stained with 
amido black. Lane 2 was probed with normal rabbit serum (NR), 1:500. 
Lane 3 was probed with serum from rabbit immunized with UV-attenuated ( 
cercaria (UVR), 1:500. Lane 4 was probed with serum from rabbit ！ 
infected by S. japonicum (IR), 1:500. The secondary antibody was alkaline 
phosphatase conjugated anti-rabbit IgG (1:1000). Only UVR could detect ! 














3.2.4 Immunolocalization of 20H8 in cercaria i 
Immunofluoresence staining was done on the cercaria to locate the 20H8 
antigen. For each set of experiment, 10 cercariae were viewed and all of them ’ 
showed same staining pattern. Only one of the images from each set was . 
showed below. Only the body region but not the tail region was stained by 
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Figure 12. Immunofluoresence staining of S. japonicum cercaria. The experiment 
was performed as described in 2.2.2.4.2. The cercaria was stained with normal 
mouse serum (a, b) or anti-20H8 serum (c-g), 1:50, as primary antibody. This was 
followed by TRITC-conjugated anti-mouse IgQ 1:100, as secondary antibody, (a), 
(c), (e) are images examined by light microscope, (b), (d)，(f) are images examined 
by fluorescence microscope, (g) is the merged image of (e) and (f), to show the 







3.3. Characterization of the cercaria stage specific gene and gene product of 
sjCaS 





After manual edition of the cDNA sequence in the selected clone and 
i 
alignment in NCBI database, the full-length sequence of open reading frame of 
i 









• 13052S3S1 Igb IAY274581 . 1 I Schistosoma japonicum 8 kDa calcium-binding protein mRNA, complete i 
cds I 
Length • 350 ‘ 
Score • 416 bits (210), Expect • 8-114 ‘ 
Identities • 210/210 (100*) 1 
St rand - Plus / Plus j ！ 
i 
Query： 1 atggtcaa tc£a«cafiaggctficacaact tctaaaacatct tgacaaagataacagtfigg 60 * ‘ 
I I > M M I t M I I I I I I I I I I I I I I I I I I I M I I I I I I I I I I I I ！ 
Sbj ct ： 87 atggtcaa tcsascagai^ gctscacaact tctaaaacatct tgacaaagataacaetggg 146 j 
1 
Query； 61 aaaatcagcacacaa£agctaat^ ^aatttttfiaficaficfittaactgcccattcaacaaa 120 I "丨 M M I m M I I M 丨 I M I I I I I M I I I I I M I I • I M I I I I M I M I I I I I I I I M | Sbj ct ： 147 aaaatca«cacacaa£afictaa tMaat 111 t£afica«cfit taactficccat tcaacaaa 206 i ！ i ) 
Query： 121 gcacflK t t«a£aag 111a11aaagtacat^acgcgfiat£gagatggacaactaaatact IBO i 
1 I M I I I I I I I 丨 I I I I I I I I I I I I I I M m M I I I I I I I I I I I M I I I I M I I I M I I I { Sbjct: 2Q7 ficacaaat tga^ aafit t tattaaagtacatsacgcgfiatggagatggacaactaaatact 266 | 
Query： 181 gaIsaact tct taaast 11 t^tgccaataa 210 I 丨 I I I 丨 I I 丨丨 I I I I I I I m 丨 I I I 丨 I m I I ‘ 
Sbjct： 267 satgaact tct taaafittttfitficcaataa 296 | 
I 
i 
Figure 13. BLASTn result of sjcaS sequence obtained from the cercaria cDNA , 
library. It showed that the open reading frame sequence of sjCaS obtained from ^ 















The open reading frame of sjCaS consisted of 210 nucleotides and ： 
i 





g g g t a t t t c t a a t n g t a a n g t c t t t g t t g a c t t g c t t g t c a a t t t a a t a a t t a a t c c t a g 
i 
I 
tg t 11 t a c g t a t tgag taaaaa tgg tcaa tcgagcagaggc tgcacaac t t c taaaaca t t 
" M V N K A E A A Q L L K H j 
c t tgacaaaga taacagtgggaaaa tcagcacacaagagc taatggaa1111 tgagcagc ； 了 
L D K D N S G K I S T Q E L M E F L S S | ：‘ 
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Figure 14. Complete cDNA sequence and the deduced amino acid sequence of | 
sjCaS. The start codon ~ag" and the stop codon of the open reading j . ^ 
) f 
frame were underlined. The open reading frame of sjCaS comprised of 210 j 
• ‘• -i nucleotides which encoded for 69 amino acid residues. Polyadenylation signal j .! 
J 





















The deduced amino acid sequence of sjCaS was aligned with that of its S. 
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Figure 15. T-COFFEE result of alignment of sjCaS (denoted as "sj") and “ 
smCaS ("sm"). Regions in red colour indicated high homology. Regions in 
yellow colour indicated average homology. The two sequences had 83% 
homology. 
7 2 
The deduced amino acid sequence of sjCaS was analyzed with InterPro 
Scan program. It was identified to contain an EF-hand Calcium binding domain 
at its 15th- 27& residues and 5 1 r e s i d u e s (Figure 16). 
>fDQCOOQ18 PSQCQIS E F.HAND EF-buid ca^ cium-tiadifis ^mun IwtitraJ. 
15 . 27 W29WRlS，(i£L 
M 6) ItiMMQIJCtJB. 
(inphca丨 sumnunr of hits (jan sppkt) 
丨 卜 一 — … ‘ — — 一 一 ： , I . . ^ 
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Figure 16. InterPro scan result of sjCaS. sjCaS contained an EF-hand Calcium 







The amino acid sequence was analyzed with SignalP V2.0 World Wide 
I 
Web Server. No signal peptide was predicted. 
The amino acid sequence was analyzed with TMHMM2.0. It was ‘ 
predicted to be an extracellular protein. ； 
The amino acid sequence was analyzed with ProtFun2_2. It was predicted 
( 
to be a non-enzyme and related to translation. , 
The amino acid sequence was analyzed with Target? 1.0. It was predicted 
to localize in neither mitochondrion nor secretory pathway. | 
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3.3.2 Demonstration of the antigenicity and immunogenicity of sjCaS i 
3.3.2.1 Expression of sjCaS in E. coli 
I 
The complete open reading frame sequence was successfully cloned into E. 
coli expression vector pET32a+. The recombinant vector was successfully 
transformed into E. coli DE3 cells. The protein expression was induced and 
analyzed with SDS-PAGE (Figure 17). The recombinant sjCaS protein of about . 
I 
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Figure 17. SDS-PAGE analysis of protein expression of recombinant sjCaS. | 
Recombinant sjCaS protein was expressed in bacteria as described in 2.2.3.2.1. i 
The left diagram was the induced recombinant sjCaS protein expression. The | 
right diagram was control in which no IPTG was added. Lane M was the ‘ 
Bio-Rad molecular weight standards (broad range). Lane 1 was the bacteria 丨 
culture collected before induction (time= 0). For lane 2-6, they were the ！ 
bacteria culture collected at a 30 minute-interval after the induction of ！ 
I 
expression (i.e. time = 30min, 60min...l50min). The arrowhead indicated an . 









3.3.2.2 Purification and concentration of recombinant sjCaS protein 
i 
Recombinant sjCaS protein was purified from the bacterial lysate with His 
• BindTM purification kit and dialysed as mentioned in 2.2.3.2.2. It was then 
concentrated to O.lmg/ml with centricon. The purified and concentrated protein ； 
i 
samples were analyzed with SDS-PAGE (Figure 18). : 
！ 
i t i I 
！ 
！ 







Figure 18. Purification and concentration of recombinant sjCaS protein. ！ 
Recombinant sjCaS protein was purified and concentrated as described in j 
2.2.3.2.2. Lane M was the Bio-Rad molecular weight standards (broad range). j 
1 













3.3.2.3 Production of anti-sjCaS serum 
I 
\ 
Purified recombinant sjCaS protein was used to immunize BALB/c mice 
as mentioned in 2.2.3.2.3. About 6ml of blood was collected from 7 immunized i 
mice. After centrifligation, 3 ml of serum was collected. The serum was 
) 




3.3.2.4 Evaluation of immunogenicity of sjCaS protein ^ 
A western blot was done to evaluate the immunogenicity of recombinant ^ • 
I 
_ ( 
sjCaS protein (Figure 19). Recombinant sjCaS protein was recognized by anti 
. ( 
serum raised with recombinant sjCaS protein but not the normal mouse sen m. | 
i. 
I 
M 1 sjCa8 NM { 
• ！ 
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Figure 19. Evaluation of immunogenicity of recombinant sjCaS protein by S 
western blot. The western blot was done as described in 2.2.3.2.4. Lane M was I 
\ 
the Bio-Rad molecular weight standards (broad range). Lane 1-3 were 2 |ag [ 
purified recombinant sjCaS protein. Lane M and 1 were stained with amido I 
black. Lane 2 was probed with anti-sjCaS serum (sjCaS), 1:500. Lane 3 was 1 
i 
probed with normal mouse serum (NM), 1:500. Alkaline phosphatase ] 
conjugated anti-mouse IgG (1:1000) was used as secondary antibody. ‘ 
Recombinant sjCaS protein was detected by anti-serum raised with ！ 
recombinant sjCaS protein but not the normal mouse serum. » 




3.3.2.5 Evaluation of antiogenicity of sjCaS protein , 
A western blot was done to evaluate the antigenicity of recombinant sjCaS i 
» 
protein (Figure 20). Only serum from rabbit immunized with UV-attenuated 
cercaria could recognize sjCaSbut not the normal rabbit serum and serum from 
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Figure 20. Evaluation of antigenicity of recombinant sjCaS protein with ! 
1 t 
western blot. The western blot was done as described in 2.2.3.2.5. Lane M was j j 
the Bio-Rad molecular weight standards (broad range). Lane 1-4 were 2 [ig j 
purified recombinant sjCaS protein. Lane M and 1 were stained with amido 
black. Lane 2 was probed with normal rabbit serum (NR), 1:500. Lane 3 was : 
probed with serum from rabbit immunized with UV-attenuated cercaria (UVR), j 
1:500. Lane 4 was probed with serum from rabbit infected by S. japonicum (IR), ； 
1:500. Alkaline phosphates conjugated anti-rabbit IgG (1:1000) was used as | 
secondary antibody. Only UVR could detect the recombinant sjCaS protein. •‘ 
I ！ ( i 
( 
1 






3.3.3 Demonstration of calcium-binding property of sjCaS : 
3.3.3.1 Electrophoretic motility shift 
i 
Electrophoretic motility shift was tested for sjCaS protein. The 
electrophorectic motility of sjCaS in native protein gel was compared with 
Bovine serum albumin (BSA) and Bio-rad protein marker in the presence of 
EDTA and CaCh. In the presence of CaCb, sjCaS migrated more slowly while 
I 
BSA and marker migrated in the same rate as in the normal native gel. In the ( 
I 
presence of both EDTA and CaCb, the migration of sjCaS, BSA and marker ‘ 
I 
I 




f BSA sjCaS M BSA sjCaS M BSA sjCaS M I 
. . 歸 | y | _ Myosin I 
書 p-galactosidase 
'-^sit^ 
_ ^ a n BSA 
_ - f i i i - i ^ _ _ I I , 1 
j , ^^ 1 I j 
12.5% Native gel + ImMCaCb | +lmMCaCl2 





Figure 21. Electrophoretic mobility shift in sjCaS. The experiment was , 
performed as described in 2.2.3.3.1. 2 }ig of sjCaS, 2 \xg of bovine serum j 
albumin (BSA) and Bio-Rad molecular weight standards (M, from top to the | 
bottom. Myosin, p-galactosidase and bovine serum albumin for the three major J 
V 
bands) were resolved in 12.5% native gel (left diagram), 12.5% native gel with 
i 
ImM CaCl2 (middle diagram) and 12.5% native gel with ImM CaCh and ImM j 
EDTA (right diagram) respectively. The dotted line indicates the position of i 









3.3.3.2 Ruthenium red binding assay 
sjCaS and BSA were dotted on nitrocellulose membrane. The membrane 
was stained with ruthenium red solution. In the absence of CaCli and EDTA, 
ruthenium red stained sjCaS red but not BSA. Neither sjCaS nor BSA was 
stained red in the presence of CaCb or EDTA (Figure 22). 
BSA sjCaS 
Amido black staining ^ "j 
• j 
Ruthenium red staining ^ 丨 
j 
i 
Ruthenium red staining 
with CaCb 
Ruthenium red staining 
with EDTA 
Figure 22. Ruthenium red binding assay of sjCaS. The assay was done as 
mentioned in 2.2.3.3.2. of BSA and sjCaS protein were dotted on the 
membrane and stained with amido black, ruthenium red, ruthenium red with 








3.3.4 Immunolocalization of sjCaS in cercaria \ 
7 
Immunofluoresence staining was done on the cercaria to locate the sjCaS ‘ 
antigen. For each set of experiment, 10 cercariae were viewed and all of them ； 
showed same staining pattern. Only one of the images from each set was 
1; 
showed below. The tail region was weakly stained but the body region was � 
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Figure 23. Immunofluoresence staining of S. japonicum cercaria. The experiment 
was performed as described in 2.2.3.4. The cercaria was stained with normal mouse 
serum (a, b) or anti-sjCaS serum (c-h)，1:50，as primary antibody. This was followed 
by TRITC-conjugated anti-mouse IgQ 1:100，as secondary antibody, (a), (c), (f) are 
images examined by light microscope, (b), (d), (g) are images examined by 
fluorescence microscope, (e) is the merged image of (c) and (d); and (h) is that of (f) 
and (g).The merged images show the location of sjCaS antigen. The white bar in 





Chapter 4 Discussion 
i 
,1 
4.1 Identification of cercarial stage-specific genes 
I 
4.1.1 Identification of cercarial stage-specific genes by microarray , 
i 
i 
Previously in our laboratory, an S. japonicum cercaria cDNA library was i 
I 
constructed. 3840 cDNA clones were spotted on a microarray and screened { 
� I 
with labeled adult worm cDNA and labeled cercaria cDNA probes. The 1 r 
i ( 
hybridization signals from the probes were compared. Clones showing a j 
stronger signal for cercaria cDNA probe than that of adult worm cDNA p r o b e I I 
<• i 
were considered to be differentially expressed in cercaria. For those which have | j 
a difference of more than 20 folds were regarded as cercarial stage-specific j 
i 






Plasmid DNA from 74 cercarial stage-specific clones were prepared and ^ , 
sequenced. Among these clones, 2 of them contained no insert. It matches the 
report that the recombinant percentage of the S. japonicum cDNA library in our i 
laboratory was 94.4%. However, 9 of them were failed to sequence due to | 
\ 
unknown reasons. This may be due to sequencing error or contamination of ； i 
clones or cDNA during the conversion of recombinant A TriplEx2 vector to :‘ 
I 
recombinant plasmid pTriplEx2 in E. coli BM25.8，miniprep of plasmids. ！ 
For the 63 informative ESTs obtained, 13 different genes were obtained. 丨’ 















schistosome ESTs, in which 12 of them were previously identified in S. j 
I 




2 EST sequences were shown to be particularly abundant in the isolated I 
I 
clones. They took up 34.9% and 30.2% of the obtained ESTs. One was the S. : 
i 
japonicum 8kDa calcium binding protein. It was identified as S, japonicum 
cercarial stage-specific antigen by Peng et al. (Peng et al., 2003). It was ‘ 
I 
J 
abbreviated as sjCaS. The other one was not reported in any publication. It . 
shared sequence similar to an S. mansoni unknown cDNA, clone 24 (Harrop et '' 
！ I: al., 2000). It was named in 20H8 in this project. j < 
i 1 
1 
1 i  
l i 
i 丨 : ‘ I 
(' 丨I J ‘ 
1 i 
I ‘ 






















4.1.2 Confirmation of stage-specific expression of the selected genes, f 
20H8 and sjCaS ！ 
i \ 
During the construction of cercaria cDNA library, some mRNA may be j 
j 
lost. So, in order to confirm that 20H8 and sjCaS specifically express in ： 
cercarial stage, and find out the difference of expression in cercarial stage • 
compared to the adult worm stage, RNA dotblot was done. Since cercaria RNA ^ 
was directly transferred to the membrane and very little manipulation was done ^ 
I 
to the sample, the expression difference could be estimated more accurately. : 
i S 
； 1 
The expression of 20H8 in cercaria was found to be 106.8 times of that in | | 
) ‘ 
adult worm. There was nearly no expression of 20H8 in adult worm stage i 
i i 
(Figure 3). This showed that 20H8 was a cercarial stage-specific gene. , 
. M 
The expression of sjCaS in cercaria was found to be only 18.5 times of j : 
that in adult worm stage (Figure 4)，which was close to the expected difference \ 
I .丨 
(20-fold difference). Since the membrane dotted with cercarial and adult worm I 
RNA was stripped and reused for this hybridization, the signal was weakened. j 

























4.2.2 Analysis of DNA sequence and deduced amino acid sequence of • 
20H8 : 
I (. \ 
After performing a homology search with tBLASTx at NCBI, the deduced \ 
\ 
amino acid sequence of 20H8 was found to be 62% similar to an S. mansoni 
novel protein (Figure 6). It was presumed that 20H8 is a homologue to this j 
novel protein. ！ 
{ 
This S. mansoni novel protein was identified by R. Harrop (Harrop et al., ！ 
I 丨 i 
2000). The gene of this novel protein was isolated by screening the S. mansoni j j 
！: 
cercaria cDNA library with serum raised against proteins released by newly 1 [ 
. 1 
I 
transforming schistosomula. Thus, the novel protein was a protein released j ！ 
！ 丨1 
during the transformation of cercaria into schistosomula. The cDNA of this ( 
i 
novel protein was also cloned into a bacterial expression vector and expressed ^ 
as a bacterial recombinant protein. The protein was used to raise anti-serum in i ‘ 
rabbit. The serum was used to probe soluble preparations of S. mansoni cercaria, j 
lung-stage schistosomulum and adult worm. The serum bound strongly to the , 
soluble preparations of cercaria but not those of lung-stage worm and adult ！ 
( worm. This suggested the novel protein was a cercarial stage-specific antigen, 
！ 
which is released in large amount soon after penetration. ^ 
1 
I 
As 20H8 shares a significant homology with this protein, this further 
1 











Amino acid sequence analysis has been done to predict the sub-cellular ！ 
localization of 20H8. Though from its homology to the S. mansoni antigen, ； 
. 丨 
which predicts 20H8 to be an antigen, secreted by the cercaria, no signal \ 
peptide is predicted by the computer program. It is unusual for eukaryotic | 
secreted proteins lacking a N-terminal signal peptide. However, it is suggested 
i 
. i 
that in parasites, proteins can be secreted to the extra-cellular matrix via a 
I 
signal-peptide-independent pathway (Harcus et al., 2004). In order to survive in j 
the host body, a diversity of proteins is released by the parasites to evade the | 
t 丨. 
\ 
immune attack from the host. This may give rise to the evolution of diversified i 
,1 
secretory pathways in the parasites. One example is a human parasite, Bi ugia 、： 
i 
malayi, which causes lymphatic filariasis (also known as Elephantiasis). A j 
1 
j i 
number of its secreted proteins are without signal peptide, for example, the 
i 丨 
macrophage migration inhibitory factor (Pastrana et al., 1998). Thus, 20H8 can ； ； 
•1 丨： 




































Though purification of recombinant 20H8 protein was done with the | 
His-bindT Kit, there were still a number of small-size protein remaining in the 
i 
t 
sample (Figure 9). However, when the protein sample was probed with 
anti-serum raised with recombinant 20H8 protein in the western blot, only • 
20H8 recombinant protein was probed (Figure 10)，showing that recombinant ‘ 
i 
20H8 protein was immunogenic and can be used to raise antibodies which was j 
highly specific to the recombinant 20H8 protein. The anti-20H8 serum can j 
I 丨. , I } _ 








In a natural schistosome infection, some cercarial proteins expresses for a ) 
i 
I 
short period of time only (Mohamed et al., 1998). These proteins are broken j 
down in a rapid rate in host's body (Ram et al., 1989). So, there is not enough | 
time for the host body to build up the immunity against them and antibodies , 
1 
« 
against such proteins are not present or at a very low level in the infected host's • 
I. 
serum. However, for UV-attenuated cercariae, their development is arrested and j 
1 
fail to transform into adult worm (Moloney et al., 1985; Cardoso Gde and ‘ 
i 
Coelho, 1989). Thus, if a mammal is immunized with UV-attenuated cercariae, j 
( 
the animal can be repeatedly exposed to the cercarial antigens. Immunity to the | 
I 
cercarial antigens can be built up, and in the serum of the immunized animal, j 





20H8 recombinant protein was not probed with normal rabbit serum and | 
I 













immunized with UV-attenuated cercariae. Though it was only weakly bound, ； 
( 




From the RNA dotblot results (3.1.2)，20H8 highly expressed in cercarial 
I 
stage. It was predicted that the serum from rabbit immunized with ！ 
UV-attenuated cercariae should bind strongly to 20H8 recombinant protein. 
i 
However, this could not be shown in this project. This may be due to the loss of ？ 
some conformational epitodes in 20H8 recombinant protein. The conformation ‘ 
i I 
of a bacterial recombinant protein may be different from the native cercarial 
1 
protein. Also, the bacterial recombinant protein lack post-translational j 
) 
modification. As a result, in the western blot the serum from rabbit immunized \ 
( 
with UV-attenuated cercariae bound less strongly to 20H8 recombinant protein ！ 
( 
f 
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Immunofluoresence staining of whole cercaria was done to locate the ; 
20H8 antigen in cercaria. It was found that 20H8 antigen was on the surface of | 
the body region but not in the tail region. The pattern was similar to the ； 
i 
immunostaining result of putative 20H8 homologue, S. mansoni clone 24 
i 
(Harrop et al., 2000). It was reported that antigen encoded by S. mansoni clone ‘ 
24 was a releasing protein of transforming cercaria. Thus, it is speculated that j 
1 
the antigen encoded by 20H8 is released from the surface of the body region ： 
！I 














































The 8kDa calcium-binding protein was first mentioned by Peng et al. ^ 
(Peng et al., 2004). The sequence was obtained by sequencing the clones ； 
. i 
randomly picked from an S. japonicum cercarial cDNA library. It was identified i 
\ 
as a cercarial stage-specific clone of 5. japonicum. ‘ 
i 
i ,‘ 
The deduced amino acid sequence of sjCaS shows 83% homology to that 1 
of the S. mansoni 8kDa Calcium binding protein (Sm8). This shows that the , 






Sm8 was identified by Ram et al. in 1989 (Ram et al., 1989). It was a 1 
cercarial stage-specific antigen isolated by anti-schistosome antibodies assays. j 
The expression of Sm8 was only observed from cercaria within one hour after | 
i 
being released from their snail host and could not be detected after ； 
transformation of cercaria into schistosomulum. It is suggested that Sm8 is only ! 
f 
important to some of the functions of the early juvenile stage of the parasite. j 
The function of Sm8 remained unclear. It was predicted that Sm8 was not j 
involved in rapid motility and aerobic metabolism, as it was not found in j 
muscle and mitochondria. It was shown to be synthesized in the head gland and ！ 
I 








was also found in the tail-body region, which may be the site for tissue repair ； 
I 
once after loss of tail. Also, it was demonstrated that Sm8 interact with a target 
s 
molecule in a calcium-dependent manner to form a complex of 45kDa (Ram et ； t t 
al.，1994). As sjCaS is a homologue of Sm8，it is speculated that they share the 
I 
above properties. ‘ 
» I 
The amino acid sequence of sjCaS was analyzed with computer program 
( 
for sub-cellular location prediction. It was predicted to be an extra-cellular < 
i 
protein without any transmembrane domain, so it is likely to be a secreted 1 
I 
protein. Though sjCaS lacks an N-terminal signal peptide，it can be a secreted j 
1 I 
protein as the parasite may make use of a signal-peptide-independent pathway ！ I 
for protein secretion. � 
i \ ) 
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sjCaS recombinant protein was used to immunize mice. The serum was 
I 
able to probe the recombinant protein in a western blot (Figure 19). This ； 
t 
showed that sjCaS recombinant protein was immunogenic. 
> I 
Only the serum from rabbit immunized with UV-attenuated cercariae, but ！ 
not the serum from infected rabbit or normal rabbit, bound to sjCaS in the -
i 
western blot. This showed sjCaS was an antigen expressed in cercaria but not in ； 
i 
adult worm. This also agrees with the finding that its homologue, Sm8, is a , 
i 


































4.3.3 Demonstration of calcium-binding property of sjCaS ！ 
i 
1 
The calcium-binding property of sjCaS protein was demonstrated by two | 





For the electrophoretic mobility shift test, the migration of recombinant f 
sjCaS in the basic native gel was retarded in the presence of calcium chloride. ^ 
For the normal basic native gel and gel with EDTA (which chelates calcium ( 
f 
f 
ions), the migration of sjCaS was unaffected. For the ruthenium binding assay, | 
i 
sjCaS, but not bovine serum albumin, bound to ruthenium red. Both results 




In Sm8, the calcium binding property was also demonstrated by the 
I 
electrophoretic motility shift test (Ram et al , 1989). It was also found that Sm8 \ 
1 
interacted with a target molecule in a calcium-dependent manner to form a | 
45kDa complex (Ram et al., 1994). So, it is speculated that for sjCaS, a similar ； 
J 
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I 
4.3.4 Immunolocalization of sjCaS in cercaria | 
i 
( i I 
^ 
I 
From the immunofluoresence staining result，it was found that sjCaS 
t 
antigen located all over the surface of the body region. The region close to the j 
body-tail junction in tail region was weakly stained. Similar pattern was found ； 
in the immunostaining of Sm8. It is speculated that sjCaS is not involved in 
r 
j 
rapid motility and aerobic metabolism, as it was not abundant in tail region. It . 
is related to other modification that helps the parasite to adapt the life in its \ 
definite host. For example, it may relate to the penetration of the host, as it was | 
found all over the body region. It is also suggested to involve in the tissue i 







































Cercaria is the only infective stage to mammals in the schistosome's complex 
i 
life cycle. The transformation of cercaria to schistosomulum requires profound > 
changes which are crucial for the parasite to adapt the life in its definite host. Study ^ 
of cercarial stage-specific antigens can give us more information about the ‘ 
developmental biology of the parasite, immunology of cercarial infection and 




In this thesis, a number of cercarial stage-specific genes were identified. Two of | 
them, 20H8 and sjCaS were further studied. The full-length sequences of their open ！ 
( 1 
reading frame were obtained. Both of them were confirmed to be cercarial j 
stage-specific by RNA dotblot and western blot. Both of them were shown to I 
express on the surface of the body region of the cercaria by immunofluoresence | 
I 
staining. The calcium binding property of sjCaS was also demonstrated. ！ 
I 
t I 
In the western blot demonstrating the antigenicity of the selected antigens, only j 
rabbit serum raised by UV-attenuated cercariae but not the rabbit serum from normal ！ 
t 
infection showed a positive result. It is likely that during natural infection, the j 
I 
cercarial antigens are quickly changed or shedded off, so that the host immune | 1 
system is not able to raise antibodies against these antigens and therefore reduce its j 
ability to fight against the first stage of infection. That is why the animal cannot i 
I 
build up the immunity against schistosoma and can be reinfected through out its life j 
(Ross et al., 2001; Utzinger et al., 2003). Immunization with recombinant proteins 












against the cercarial stage-specific antigens. This may help the host to fight against j 
the parasite right at the infection. Therefore, these cercarial stage-specific antigens 
j 
may be good candidates of vaccine. It is important and interesting to test the ； ( 
immunoprotection against Schistosoma japonicum of these two antigens in the ； 
future project. ‘ 
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